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Executive Summary 


Motivation and Main Goals 

In the period 1 977 *1981, seven countries of the European Community carried 
out a joint Investigation Into the applicability of alr-and>space remotely sensed 
thermal data to sorr^. typical European zones of agricultural, hydrological and 
environmental Interd-at. This activity was sponsored by various Directorates* 
General of the European Communities and was designed to clarify whether 
thermal satellite data, together with aircraft data, could present some 
advantages over » and possibly Implement - conventional technical methods 
for providing the European Communities with the desired sectorial 
Information. One such pilot experiment (TELLUS Project) was set up as a 
collaboration between several European Institutes and organizations under the 
leadership of the Joint Research Centre of Ispra, It dealt with the use of the 
(0,5 - 1.1 >tm)<lay and the (10,5 * 12,5 /im)-day and/or night imagery from 
NASA’s Heat Capacity Mapping Mission (HCMM). 

TELLUS' main goals were : 

a) to ascertain whether remote sensing can contribute to synoptical 
evaluation of evapotransplratlon and moisture In agricultural soils, and to 
what extent; 

b) to evaluate the Influence of topography, 30ils, land-use and meteorology on 
surface temperature distribution 

c) to Investigate anthropogenic heat release from space. 

Co-Investigators' research was developed over a broad range of significant 
test-areas, extending from e.g. seml-arld lands in Southern Italy to polders In 
the Netherlands, vine-growing hills In the Rhine Valley to grasslands In 
Buckinghamshire. 

Research and Applications 

Evapotransplratlon and Soil Moisture 

Objectives 

1. In the interest of hydrology, climatology and agronomy, developing a 
mathematical modelling technique, whose parameters are obtained both from 
remote sensing and from conventional measurements, for the synoptical 
evaluation of evapotransplratlon (ET) and soil moisture. 

2. Contribution to a deeper understanding of the processes relating evapo- 
transplratlon (ET) and soil moisture to other meteorological and ground 
parameters. 

3. Providing, throughout the systematic approach adopted In 2„ a scientific 
basis for simple statistical (l.e. multivariate regression analysis) or empirical 
correlations, 

4. Using HCMM thermal infrared and albedo data with trie algorithms 
developed in 1, and 3. for the estimation of evapotransplratlon (ET) on a 
mesoscale, filling in this way a gap which exists between local and continental 
ET estimation, 

Basic Approach 

The methodological approach, to the estimate of ET Is based on the energy 
balance at the soil surface. The R.S. platform provides surface temperature 
and albedo values which are used in calculating the sensitive heat flux and net 
radiation flux In this balance. The other conventional parameters are 
measured at ground level. Using a known relation between thermal inertia and 
soil moisture, the volumetric moisture content in the upper soil layer can be 
determined. 

Field testing of models is performed through : 

a. Structural tests: flight experiments Involving both MSS airborne and 


ground measurements with a duration of a few days: 
b. Validation tests: continuous field measurements lasting a number of 
weeks or even some months. Remote sensing data are obtained by means 
of field radiometers, 

Main results and significance 

A number of models have been developed for bare soils and soil covered by 
vegetation which permit the Integration of Instantaneous evapotransplratlon 
(ET) obtained from remotely sensed surface temperature T, to yield cumulative 
daily ET, These models are TERGRA and SEAL which use the dally maximum 
surface temperature and the TELL-US model which uses both the dally 
maximum and minimum temperatures T, For the evaluation of dally ET the use 
of the minimum night temperature has no advantage but Is rather a 
complicating factor. The knowledge of the daily temperature amplitude Is 
however useful for the determination of the surface cover. From the thermal 
Inertia the moisture content In the upper soil layer can be obtained although 
there Is a tendency to underestimate It, Operational tests of the surface 
temperature method took place In the Netherlands, the United Kingdom, 
France, Italy and In Germany. On the top of this activity the Joint Flight 
Experiment (JFE) campaigns have taken place with the participation of many 
national field-teams: ground measurements and multispectral scanner flights 
were carried out on patches of homogeneous nature with regard to crop and 
soil, Evapotransplratlon and soil moisture maps have been obtained. 

In an operational test using HCMM data on an irrigated and dry grassland area 
in Southern France the method agreed over a roughly 100-day period with ET 
measured by the Bowen ratio method to within ± 1 5%, The critical point Is the 
evaluation of the ‘'roughness” parameter which has to be defined (or each 
zone, 

A simplified approach proposed by Jackson et al,: ET = R„*S + A-B(T,-T.) was 
also tested, Inspite of a pronounced dispersion (r = 0,87) It aiiows us to 
estimate ET within a ± 1 .5 mm day precision. For long-term Integration ( 1 00 

days) the equation fits reference values of the Bowen ratio method by *12% 
which may be considered quite satisfactory. However the empirical constants 
A and B obtained in this experiment are quite different from the original values 
proposed by the authors. Further experiments covering a wide range of natural 
surfaces would be necessary to establish whether a unique set of empirical 
constant could be used In practice. 

Effects of topography, soils, land-use and meteorology 
on surface temperature distribution 

Objectives 

1. Correlation of the geographic reality of the various natural surfaces having 
a different physical constitution (forest, settling areas, farmland, etc,) with 
dally surface temperature T patterns: 

2. Influence of daily T variations (resp. nlght/day temperature differences AT) 
on the correlation mentioned Ini,: 

3. Influence of altitude, topography and meteorologic conditions on the 
temperature T of surface elements of the same kind and constitution: 

4. Influence of static physiographic aspects (geology, hydrology, pedology) on 
surface temperature T patterns in relation to dynamic aspects (vegetation 
cover, iand-use, etc.); 

5. Impact of subsoil characteristics on apparent thermal Inertia ATI through 
the variations of the characteristics of heat transfer (porosity, mineral 
composition, moisture content, etc.) and of soil coverage; 

6. Correlation of surface T distribution with frost-prone areas and with low 
altitude breezes; 

7. Correlation of distribution of surface albedo a with transitory phenomena 
such as flooding and grass fires. 

Basic Approach and Main Results 
A, Satellite data 

The approach adopted was developed along three main parallel lines, 


corresponding to co-investlgators* backgrounds, trends and means available. 

1. Analog deductive Interpretation of HCMM transparencies. 

visible and Infrared Imagery was superimposed upon “truth" physical 
maps and LANOSAT false-colour composites using an analog-anamorphlc 
stereo-plotter, 

Interpretation was based on the reciprocal Inference between burled 
structures (HCMM) and surface patterns (LANOSAT and conventional 
maps). This approach was adopted for the deduction of the physiographic 
outlines of large areas (some hundreds of kilometers). 

Procedure steps: a) finding control points for further cartographic 
approach; b) grey tones discrimination; boundaries between homogeneous 
tones are traced out (structure and texture). Without delimiting Isophenlc 
zones (l.e. creating genuine landscape families) one respects the intrinsic 
realities which have been recognized on the scene as much as possfole. 
Oceanographic and urban boundaries are purposely considered 
separately; c) cartographic classification and deductive Interpretation 
phase by stereo-plotter. Information from stereo-plotter and colour density 
slicing leads to the final Interpretation, 

Results and significance 

The method was applied to a large hydrographic basin, It revealed many 
physiographic details. Thematic maps of a hydrological caracter have been 
obtained, The type of legend Introduced Illustrating the logical passage 
between geomoiphologlcal, vegetatlonal and anthropic aspects of the 
identified surfaces and the burled hydrological aspects deduced Is 
Interesting. The role of the thermal Inertia properties of materials appears 
obvious for Interpretation and classification in the hydrological field, both 
structural and applied. It has been confirmed that the Day-IH Imagery 
contribution is quite significant for the characterization of lithological and 
hydrological structure, but It gives only a slight contribution to the definition 
of humid areas. The Night-IR Image appears to be a very significant 
contribution to the characterization of highly surface saturated zones. It is 
however less Important for a structural recomposition (relief, morphology). 

2. Combination of digital and optical Interpretation 

a) The approach consisted basically In an analog Interpretation of 
computer classification print-outs after optical superposition with 
reference thematic maps and LANDSAT multispectra! colour composites 
(band 5 and 7), If proved useful for a detailed analysis of HCMM data to 
delineate areas as dlstlngulshlble from surface temperature patterns which 
could correspond to soils and/or soil surface features, The computer 
analysis was performed using some routines of the ORSER software 
package of PSU / /, Some of the programs were rearranged and/or 
adapted by the TELLUS co-investlgators, 

Procedure steps : a) preparation of computer printouts after transcription 
of original HCMM CCTs Into the ORSER format. Programs used: brightness 
classification, arithmetic combination of different channels, map symbols 
assignment to categories, according to specified class limits, statistical 
vectors calculation, etc.; b) optical superposition of computer printouts on 
different types of maps (topographic forest, roads, soils, etc,) and 
LANDSAT imagery with the aid of a Zoom Transfer Scope. Some major 
land-use classes were used for HCMM pixel Identification and positioning; 
c) analog Interpretation; d) calculation of apparent thermal Inertia ATI from 
HCMM night, day and albedo data sets using the algorithm proposed by 
NASA, Goddard / /. Satellite data averaged for the considered segment 
areas. 

b) A mixed analog-digital Interpretation approach was also adopted for the 
intercomparison of mapping of albedo data of HCMM (0.5 - 1.1 .pm, scale 
1/4x10*) and METEOSAT (0.4 - 1.1 /»m, scale 1/16x10*), which aimed to 
evaluate how small-scale synoptic Imagery could assist In the monitoring of 
transitory phenomena on the ground (flooding, vegetation fires, etc.). 

An electronic Image analyser was used (epidiascope, vidicon camera and 
system control unit with vs.r?3ble f rame-and-scale module). 

Procedure steps: a) the limits of the considered soil units are drawn from a 


geographic map on transparent paper; b) the areas to be evaluated are 
outlined on the video display with >he aid of the electronic pen: c) patches 
which appear as homogeneous in grey tone on the satellite Image tor 
homogeneous patterns of such patches) are manually depicted after being 
previously Identified on the imagery drawn from the geographic map; d) the 
scale of Imagery Is calculated by comparing distances between two 
reference points (e.g. coast-lines) both on the satellite image and on the 
soil map; e) correspondence between areas drawn on the satellite Image 
and that on the mopped soli unit Is evaluated; I) finally, calculation of the 
area extent from satellite digital data is obtained using a classification 
digital routine. 

Results and significance 

Using this method, on the Belgian area the delineation of large (regional 
scale) and smaller areas as distlnguishible from temperature patterns and 
which correspond to soil and/or soil surface features was successful, 
Forests could generally be distinguished by their relatively high radiant 
temperature. However conifers and deciduous forest type or difference 
between species could not yet be detected. Coast lines, dunes, urban areas 
and small forests are well delineated. 

Its results confirmed that special Information from other satellite (such as 
LANDSAT) may contain recent Information on land surface features or on 
land-use which may also be dlscernable through thermal properties, Spatial 
limits of some temperature classes do correspond fairly well with soli unit 
boundaries. Wetter polder areas may easily be distinguished: humid soil Is 
generally cooler than dry soli (evaporation of absorbed water also lowers 
temperature), High moisture content of soil Increases its heat capacity and 
a lower temperature will be sensed. 

As for training areas It Is concluded that they must meet the following 
requirements; they must be small but sufficiently large, easy to locate and 
their radiance must be relatively homogeneous over the entire surface, 
Because of the low pixel resolution of HCMM as well as to the high degree 
of parcelling over the areas studied, some spectral Inhomogeneity may be 
expected for the selected training areas. 

It has been confirmed that thermal Infrared radiances and radiant 
temperatures derived from thorn largely depend on sun Illumination 
conditions preceding the satellite overpass. These will not only vary during 
the dally cycle but also with season, meteorological conditions, etc, 

The ATI for major land-use classes were calculated. As was expected, open 
water, forests, urban land, grassland and bare soli are easily 
distinguishable. Even forest species are found to be distinguishable (Fagus, 
Quercus, Picea, Plnus, etc.). 

Recognition and quantification of flooded areas has been experimented 
with success In Africa (Tunisia) using HCMM transparencies. 
Measurements have been compared with corresponding METEOSAT 
Imagery. 


3, Analog Interpretation on high precision merged-multlchannel scenes 
A purely digital superposition method was adopted. HCMM scenes were 
geometrically rectified and superimposed pixel by pixel on other digital 
Information, e.g. relief waterways, forest, population distribution and land- 
use, Interpretation of thermal conditions of the various parts of the 
landscape was made on such merged-multlchannel scenes (mean super- 
position error of 1 pixel). 

Procedure steps: a) choosing an appropriate auxiliary data base: map-type 
binary distribution of land-use categories and digital contour representation 
of land forms, together with LANDSAT image classification data: b) 
choosing an appropriate scale based on the correspondence between the 
smallest possible size of the map-picture element and the HCMM pixel: c) 
geometric rectification of HCMM thermal scene by the Interpolation 
method ("rough” control points with respect to water-networks and forest 
distribution and "fine" rectification referring to the pre-asslgned 
geographic coordinate reference system; d) preparing auxiliary data 
structure: densitometric digitization of maps with correction of dlstorsion 
due to vignetting effects and fitting into the common geographic coordinate 
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system together with the LANDSAT Imago data; e) construction of the 
multi-channel scene using a special merged module; f) evaluation ot some 
segments of the morgod-multlchannel scene In some possible different 
combinations. The successive examination ot surface temperature T 
pattorn roforrod to relief, land-use and build-up distributions Is typical; g) 
applying multiple linear regression analysis to find contributions of larger 
classes to give an explanation of distribution of surface temperature T. For 
a corroct Interpretation of deviations from regression the entire area under 
Investigation Is divided Into squares of 5x5 km. 

Results and significance 

It was found that this kind of methodological procedure is the most suited to 
the Investigation of the Influence of the thin structure of topography and 
land-uso on surface temperature patterns. It was applied with success to 
HCMM night scenes of the Rhine Valley and surrounding highlands In 
Germany. LANDSAT data sets of eight classes were used (two-density 
urban build-up, water, crops and forests). Excellent rectification precision 
has boon obtained on the HCMM Image (roughly 1 pixel). The application 
proved to bo very satisfactory with regard to the correlation between 
surface temperature and the water network as well as to the relationship 
between surface *«?mperatures and the settlement pattern. However It 
should bo noted that the resolution of HCMM Is not sufficient to determine 
the boundaries of various geographic units or to establish the exact limits 
of topographic structures by means of the HCMM Imagery. Nevertheless, It 
Is essontlai to state that the thermal pattern of an HCMM Image can be 
related to and oxplalned by topographical structure. 

A well-known rule of topocllmatology Is the thermal trlpartltlbn of hilly or 
mountaneous areas at night: cold elevations, warm slopes and cold valley 
bottoms. The HCMM data have allowed us to test the applicability of this 
law to the behaviour of surface temperatures In various spatial dimensions. 
In general, only the difference between cold valleys and lowlands on the 
one hand and warm slopes and mountain tops on the other, could be 
verified. Valleys tend to be considerably colder than slopes covered by 
comparable vegetation. The water network which follows the valley 
systems Is all but congruent with the distribution pattern of particularly cold 
surfaces. The elevated areas provod to be as warm as the slopes, In some 
cases even noticeably warmer. Cold elevated areas can be found only In 
places whore one of the following three conditions Is met: grassland and 
cultivated Helds In altitude above forested slopes, extended plateaux and 
extended surfaces In areas with small differences In elevation, 

As far as correlation between surface temperatures and forest distribution 
Is concerned, It Is generally agreed that forests do not cool as rapidly at 
night as do unforestod areas and that they, consequently, produce higher 
surface temperatures at night than adjoining grassland or cultivated fields. 
Therefore, it Is surprising that a much moro complex picture resulted from 
the examination of HCMM scenes. Some exhaustive explanations have 
been given for the distinctive behaviour of forested surfaces. 

The HCMM surface temperature values for all areas below an altitude of 
200 m were extracted for the whole zone under Investigation, with the aid of 
the relief map. For this area, the HCMM values and the parts of the various 
land-use classes were linked to each other by a multiple linear regression. 
The following points were Investigated In greater detail: which part of the 
surface temperature distribution may be explained by the land-use; In 
which way the surface temperature would change due to a 20% change In 
the land-use end which other Influences on the surface temperature are 
Included In the deviations from the regression. 

B. Aircraft (844 pm) data 

Two parallel approach lines were developed corresponding to the sub- 

objectives of point 6 : 

1. Determination of vineyard sites liable to cold-air damage. 

Data recorded at different altitudes In the hours before sunrise (clear sky) 
are submitted to a multi-step digital processing and Interpreatlon 
procedure: a) image enhancement for a qualitative Interpretation: b) false- 
colour equldensttles of 1°C: c) transfer to a topographic and vegetation 


map (or delimitation of stagnant cold-atr Influence on the sub-regional 
scale; d) digital enlargement of lower-altitude flight Images for delimitation 
on a local scale (single hill or slope and even single vine terrace); d) ground- 
check from mobile measurements of air temperature. 

2. Wind Induced microclimatic difference detection. 

Data recorded at different altitudes (three times a day) are processed 
digitally: a) by means of digital low-pass filters the temperature ranges are 
spilt Into grey tones corresponding to 1 °C each; b) Interpretation is made 
by comparison of thermal data sets with meteorological data (wind speed 
and wind direction, air temperature) from some local weather stations and 
taking Into account the structure of the surface cover. 

Results and significance 

The usefulness of airborne remotely sensed data for the localization of frost 
prone areas and the monitoring of low altitude breezes has been 
demonstrated. The interpretation of aircraft thermal Images can lead to the 
detection of wind microclimatic differences. Ground reference data prove 
to be essential for a correct Interpretation. 

Anthropogenic Heat Release 

Objectives 

1 , Demonstration of the role of surface temperature T and Its dally amplitude 
variation AT, measured from HCMM, as time-space Information useful in 
evolving a thermal description of various man-induced heat sources, 

2, Confirmation of the Impact of anthropogenic heat release on the thermal 
behaviour of various physlotopes and environmental units, 

3, Preliminary indications on the Introduction of T and AT as parameters in 
heat budget arguments, 

Basic Approach 

The approach adopted Involved an analog-deductive Interpretation both of 
digital satellite prlnt-outs and auxiliary maps and of high precision merged- 
multlchannel scenes. 

HCMM : Description of day/night evolution of the thermal behaviour of urban 
settlements, industrial complexes and cold-air accumulations (and related 
outflows) was made in comparison with some corresponding detailed 
topographical maps: Digital temperature slicing at the limit of the satellite’ 
temperature resolution (0,4 K) Is needed both for detailed thermal depiction of 
cities or for identification of small urban areas. „ 

Procedure steps for description of inermal pollution of large water bodies: 

a. thermal Infrared counting of pixels for all the considered area (ORSER 
programs); 

b. The pixel matrix so constructed Is superimposed upon a local map for 
localization of thermal anomalies, 

HCMM and aircraft: Check of spatial temperature distribution of urban heat 
Islands by comparison with hlgh-resolutlon thermal representation obtained by 
aircraft flights, This procedure Involves geometric corrections and smoothing 
of satellite pixel edges. 

Main results and significance 

The spatial radiometric resolution of HCMM proved sufficient for the detection 
of anthropogenic heat release both at meso and local scale in assessing 
dynamic heat budgets. In this respect the different response of heat sources 
on consecutive day-and-night IR scenes proves to be very useful. During night, 
cities and even small urban areas (1 or 2 pixels) can be distinguished due to 
their relatively high radiant response. Urban agglomerations (e.g, cities of 
Brussels and Freiburg) can be marked out individually. It was to be expected 
that heat islands from large cities would be depicted in the HCMM scenes. 
However it became obvious that much smaller settlements can evoke a signal, 
under favourable circumstances, down to a size of 2000 inhabitants. 
Prerequisites for this phenomenon are a densely built-up village centre and 
placement In a horizontal, unforested environment. Otherwise the weak signal 
emitted by the settlement would be masked by other effects on the thermal 
pattern. The situation is less equivocal when we consider larger villages and 


smaller towns with an average size of approximately 10,000 Inhabitants, The 
core area of every larger city with tens of thousands of Inhabitants Is 
registered as a heat Island with temperatures a few degrees higher than Its 
surroundings. The area of higher surface temperature extends beyond the 
urban build-up area to the surroundings because of the flow of warm air In the 
boundary layer, The suburban area Is mlch warmer on the leeward than on the 
windward side of the cities. On comparing different Industrial areas, It 
becomes apparent that different levels of energy consumption are Identified 
on the thermal Image, 

HCMM Imagery has given useful Information for the detection of thermal 
pollution of large water bodies also. It has allowed the evaluation of the 
temperature difference (some K) between the water discharge point of a 
nuclear power plant (e.g. Schelde river) and the rest of the river. The high 
surface temperatures recorded over Industrial areas, located on the right 
rlverbank, as compared to the mean temperature of the polderland have also 
been evaluated, 

HCMM Satellite Calibration and Atmospheric Corrections 

Objectives 

1. Correcting shifts In absolute level of the satellite measured surface 
temperature T due to atmospheric absorption; 

2. Compensating "smoothing" of the actual spatial and temporal differences 
In surface temperature AT by atmospheric corrections for relative 
measurements, Including thermal Inertia. 

3. Calibrating satellite measured surface temperature T after atmosphere 
correction, 

Basic Approach 

The atmospheric corrections were calculated in most cases using the 
WINDOW model which proposes a linear relationship between a radiometric 
temperature measured on the ground T, and the temperature T, "seen" by the 
satellite, Radiosonde data from meteorological stations were used. 

The calibration procedure consisted in comparing the satellite measured 
surface temperature T, with the ground measured surface temperature T, 
measured after atmospheric correction by the satellite, 

Main results and significance 

Forty five data points from five countries, covering a period of 34 days after 
launch of the satellite, to 761 days after launching, were provided for 
calibration. The radiometric surface temperatures ranged from -3°C to 53°C, 
The following conclusions could be drawn; 1) From 34 to 528 days after 
launching there seamed to be no long time trend In the calibration of the 
HCMR. 2) The onset of 5.5°C which had been Introduced Into the calibration 
equation of the HCMR after the validation study by NASA was not valid during 
the whole period Investigated, The differences between 7*1 2°C with 
temperatures measured by NOAA-5 and TIROS-N point in the same direction, 
3) The linear regression of T... , the theoretically correct satellite temperature 
of T,„ and the actual temperature given by the HCMR is represented by an 
equation whose Intercept of 7.55 shows that the offset of 5.5°C should be 
abandoned. The low regression coefficient R J = 0.64 Indicates that the 
relation Is not linear or that either the ground or satellite measurements, or 
both, do not form homogeneous populations, This could point to sporadic 
changes In scanner performance, 4) The assumption that the calibration of the 
HCMR Is not linear Is statistically supported by the parabolic regression of 
T\„ on T,., with a regression coefficient R J = 0.89. 5) The hypothesis of 
sporadic changes In the calibration Is not to be excluded, as 38 days after 
launching calibration results over a pine forest in Germany and over Lake 
Geneva agreed with those of NASA at White Sands, This was no longer the 
case 54 days after launching. 
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Introduction 


The aim of the TELLUS Project was the development and presentation, on a European 
basis, of techniques using remotely sensed thermal data of earth resources, 

This effort was centered around the Heat Capacity Mapping Mission (HCMM) of the 
National Aeronautics and Space Administration, Goddard Space Flight Center, Mary- 
land (U.S.A.). The special feature of the HCMM satellite measuring the day-night 
temperature cycling of objects on the earth's surface made it attractive for 
hydrological, geological and environmental prospectlon, 

The general objective of TELLUS was to investigate whether, and to what extent, such 
temperature cycling or diurnal temperature only can be related to evaporation and 
moisture in agricultural soils, to physiographic characters of land and So anthropo- 
genic heat release. 

These goals, while partially fulfilling a number of requests by some Directorates 
General, Brussels of the European Communities (EC) In matter of policy for agriculture 
and environment correspond also to the specific research objectives of the Co- 
Investigators. 
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JRC Assignments and Role 

Starting in 1976, the Joint Research Centre 
of Ispra, Italy (JRC), was assigned to: 

• Developing an EG research action (TELLUS), 
aimed at learning now HCMM data, together 
with other aircraft and/or satellite data, 
present some advantages over - and pos- 
sibly complement - conventional technical 
methods for providing the European Commu- 
nities with the requested sectorial informa- 
tion, This action should be developed as a 
pilot experiment covering a significant range 
of typical applications. 

. Taking opportunity of TELL US for contribu- 
ting to Remote Sensing applied to land re- 
sources within the European scientific com- 
munity through the coordination of diversified 
national competences and support facilities. 

The Project was set up as a collaboration be- 
tween several Institutes and Organizations of 
the EC's Member Countries Under the leader- 
ship of the JRC. 

JRC "s role in TELLUS was divided into two 
distinct parts: 

1 ) A coordination activity for the contribution 


from the Co -investigators working on dif- 
ferent topics and test sites. This included 
liaison activities with NASA and dispatching 
HCMM data from GSFC, Greenbelt and 
CMS Lannion of ESA/E ARTHNET to Co- 
investigators. 

2) An experimental activity, essential in itself 
in the South of Italy (Test site No. 1) and 
organization and direct participation in the 
Joint Flight Experiment (JFE) campaigns 
on various test sites in Europe, 

Co-Investigators and Test Sites 

The Co -investigators were divided into six 
groups, i, e. { 

EC General Directorates and JRC, Ispra 

Establishment, 

Be-Ne-Lux Institutes, 

British Institutes, 

French Institutes, 

German Institutes, 

Italian Institutes. 

The names and abbreviations of the Organiza- 
tions and Institutes who contributed to the 
TELLUS Investigation (HCM- 02 5) are repo rted 
in Table 1.1 , together with the names of the Co- 
investigators. 
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TABLE 1.1: U»t of Organizations and Institutes Participating In the TELLUS Project (HCM-02S) 
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Co-tnvttMgatora 



Coordtofltoft 

(COIe) 



(T«C.) 






DIRECTORATES OF THE EUROPEAN COMMUNITIES 




* Directorate General for Agriculture, Brussels 

* Directorate General for Research, Science and Education, 

GD-V) 



Brussels 

DG-XII 



• Joint Research Centre, Ispra 

JRC 



* EC Delegation, Washington 

DG-l/WD 



NATIONAL ORGANIZATIONS AND INSTITUTES 


F*dd*»R.A, 

Q'HooreJ,M, 

Belgium 

• Fakulteit der LondboOwwetenschappen, 
Kithoileke Unlversltelt, Leuven 

Oenmark 

KUlABB 


Eckardt F.E, 

* Institute! for Okologlsch Gotanik, University of Copenhagen 

UK/IOB 

GoilJotCh, 

GolllotCh. 

France 

Service de Tyi6dytectlon, INRA Versailles 

INRA/ST 


Sarloy E. 

* Station d'Antflloralion des Plantes, INRA Rennes 

INRA/SAP 


SeguinB, 

* Station de Blocllmatologle, INRA Montfavet 

INRA/CRASE/SE 


Perrier A. 

* Station de Blocllmatologle, INRA Versailles 

INRA/SB 


Backer F, 

- Groupe de Recherches en T6!6d6tectlon Radlomitrlque, 




University de Strasbourg 

ULP/GRTR 

Gossmann H. 

Gossmann H» 

F.R, Germany 

* Gtographlsches Inslltut der University Freiburg 

UF/GI 


Van der Ploeg R, 

* Institut fOr Bodenkunde und Waldernahrung 

UG/IBW 

CallandroA. 

Bordello L, 

Italy 

* Centro Studl Applicazionl Tecnologlche Avanzate, Bari 

CSATA 


Cavazza L, 

• Istltuto dl Agronomla Generale o Coltlvazlonl Erbacee, University dl 




Bologna 

UBO/IAGCE 


Mllella A, 

• Istltuto dl Agronomla e Coltlvazlonl Arboree, University dl Sassarl 

USS/IACA 


CallandroA., PacussiG. 

* Istltuto dl Agronomla e Coltlvazlonl Erbacee, University di Barf 

UBA/IACE 


MaracchIG, 

* Istltuto dl Agronomla Generale e Coltlvazlonl Erbacee, 




University dl Firenze 

UFI/IAGCE 


Fosa F. 

* Istltuto di Flslca, University dl Bari 

UBA/IF 


Marcolongo B, 

* Istltuto dl Geologia Applicata, CNR Padova 

IGA 


Pletracaprina 

* Istltuto dlMlneralogiae Geologia, University dl Sassarl 

USS/IMG 


LechIG.M, 

* Istltuto per la Geollslca della Litosfera, CNR Milano 

IGL 


Tombesi L. 

* istltuto Sperlmentale per la Nutrizlone delle Plante, Roma 

ISNP 


PossInIE, 

• Ufflclo Centrale dl Ecologla Agrarla, noma 

UCEA 

Feddos R,A. 

Feddes R,A, 

Netherlands 

• Instltuut voor Cultuurtechnlek en Waterhulshoudlng, Wagenlngen 

ICW 


Van UldenA.P. 

- Koninklijk Nederlands Meteorologisch Instltuut, De Blit 

KNMI 

McCulloch J.G. 

KlrkbyNU 

United Kingdom 

• Department of Geography, University of Leeds 

UL/DG 


Savlgear R.A.G. 

* Department of Geography, University of Reading 

UR/DG 


McCulloch J,G, 

• Institute of Hydrology, Wallingford 

IHW 


Geographic as well a.*/ technical considerations 
led to arranging the fourteen test sites (TS) 
into five groups as originally proposed by the 
Co -investigators , No particular test site was 
proposed by the JRG Ispra because its research 
staff were designated to working in collabora- 
tion with the Co-investigators on their national 
test sites, A Test Site Coordinator (TSC) was 
designated for each Test Site Group (TSG) in 
agreement with the Institutes involved. 

The arrangement in groups of TELLUS test 
sites is reported in Table 1,2. Fig, 1. 1 shows the 
distribution of the test sites proposed by Co-* 
investigators within the overall test area 


TABLE 1.2: TELLUS Test Sites, Arranged In Groups 


Test Site Group 

Test Sites 

No. 


Puglia 

f 

ITALY 

Sardinia 

2 


Emilia 

3 

FRANCE 

Bouches du Rhone 

4 

Brittany 

13 


Rhine Valley A 

5 

GERMANY 

Rhine Valley B 

6 

Northern Alps 

7 


Northern Germany 

14 


England A 

8 

UNITED 

Wales 

9 

KINGDOM 

England B 
England C 

10 

11 


Belgium 


BENELUX 

Netherlands 

Luxemburg 

12 



HEAT CAPACITY MAPPING MISSION (HCMM) COVERAGE EUROPE DAY 



Fig. M : Spatial Distribution of TELLUS Test Sites within the Overall Test area "EUROPE' 



"Europe 11 which was proposed by NASA for 
allotment of HGMM imagery* 

Objectives of the investigation 

According to the interests of the EC's Com- 
mission and the proposals made by the national 
Institutes, three main thematic lines of inves- 
tigation were singled outs 

1) Evapotranspiration and moisture content in 
bare soils and in soils covered by vegetation 

Motivation 

Evapotranspiration and soil moisture are 
among the most important parameters in 
agriculture and in land management because 
of their obvious impact on cultivation choice, 
crop yield, planning of Water supply for ir- 
rigation, etc * and on the occurrence of 
flooding, erosion, etc. 

2) Effects of topography, soils and land -Use on 
surface temperature distribution 

3) Mesoscale distribution of anthropogenic 
he a' release 


Motivation 

The possibility of registering th* spatial 
distribution of surface temperatures# their 
daily amplitude variation and the so-called 
Apparent Thermal Inertia (ATI) derived 
from it is the basis for a variety of appli- 
cation studies ranging from the discrimina- 
tion of landscape physiographic characters 
to the introduction of surface temperature 
as a parameter in heat budget deliberations. 

Many of these research projects are difficult 
to realize in the European area due to the 
complexity, the different type of topography 
and the many overlapping factors which in- 
fluence surface temperatures. But if TELLUS 
merely succeeded in evolving a description of 
the thermal behaviour of various physiotopes 
and environmental units on a regional scale 
and in representing this information spatially 
on maps, then this can be regarded as an im- 
portant contribution to classic climatological 
and environmenUvl research in the mesoscale, 
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II. HCMM Data Delivery, Distribution and Quality 
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Type and origin of data 

HCMM data received by HCM-025 Investigation 
can be divided into three groups} 

1) Preliminary Test (PT) data 

2) Data as stipulated in the Provisions for 
Participation (1976)* L e* 1 

Standing Order (SO) data 
Retrospective Order (HO) data 

3) Data as agreed upon at Freiburg Meeting 
(1978) between XASA/GSFC, ESA/CMS 
Lannion and EC, JRG, i, e. ; 

Quick Look (QL) data. 

Teohftieal characteristics o£ PT, SO, RO and 
QL data are summarised in /!/ and / 1 ] . 

Ail data have been produced and sent by: 
NASA/GSFC (data received by the Madrid 
Station)i or 

E$A/EARTHNET (data received by the 
CMS LannlonL 

NASA / GSFC Data 

Data Transmission and Distribution 

Figure II. 1 represents a flow chart of data 
transmission from GSFC Oreenfeelt to JRC'--. 
Isyra, su hijequ^nt distribution to Co-invest i-. 
uators and JRC Research Sectors, and' tiling. 


Travel time from GSFC Graenbelt to JRC 
Ispra, via EC Delegation in Washington, did 
not exceed 1 8 days, while dispatching to Co- 
investigators, via Test Site Coordinators! 
needed 14-40 days depending on various fac- 
tors (e, g. efficiency of local mailing ser- 
vices). 

Preliminary Test Data 

After HCMM satellite launch on April 26, 1978, 
PT data were sent to European Investigators 
to familiarize them with SO data, PT data on 
Chesapeake Bay, USA, arrived at JRC Ispra 
in Autumn 1 978 in the form of transparencies 
and tapes. 

Some interpretation of PT transparencies was 
attempted by TELLUS Co-investigators, Stu- 
dies were made using pre-existing LAXDSAT 
Imagery and conventional thematic maps as 
"ground truth" (GT), 

The quality of PT data was good regarding 
scantling, but densitometrically poor and of 
low contrast. 

Standing Order Data 

1 , D . • i i y j n R a c g i v i n e S O P a s a 

The situation of SO data delivery to JRC can. 
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NASA/GSFC 
GREEN BEIT 


prints;transparencies 

COMPUTER COMPATIBLE TAPES 



* On specific request 


Fig. II. 1! HCMM uata Distribution from NASA GSFC Greenbeit through to T ELLUS Users 



be summarized as follows: 

Jan, 1979 No SO data received yet at JRC, 
Ispra, 

Febr, 1979 A Priority Processing List 

(PPL) was agreed upon between 
GSFC and JRC 1 in order to put 
an end to such a delay situation 
81 sets of consecutive night -day 
(N/D) scenes were selected by 
TELL US Co-Investigators. 

March 1979 SO data started arriving at JRC 
ispra. 

Sept. 1979 The 20# response to PPL by 
GSFC consisted of night (N) or 
day (D) scenes, not systematic* 
ally consecutive. Only one con- 
secutive N/D set was delivered. 
Some 50 extra scenes net speci- 
fied in the PPL, were received 
too, 

March 1 980 56 fo of PPL delivered (20 D+N 
sets). This situation seems to 
be partially explained by the fol- 
lowing reasons: 

* random cutting of orbits (we 
happened to receive northe rn 
part of orbit when asking for 
southern part and vice versa); 

. some Cracks had two N orbits 
- East and West - or two D 
orbits overflying HCM-02 5 
test sites. When asking for the 
first one, the second one was 
sometimes delivered instead. 

Sept. 1080 End of SO distribution for a total 
of 368 Orbits, 

Table II, 1 shows the actual distribution of SO 
data to Co-investigators. A comparison be- 
tween the situation of the response to the PPL 
and the actual RO distribution per country may 
offer some interesting indications (TablesII.2 
and 11.5*. 


2. Distribution Anomalies , Quality of Data 
The poor organization of processing and de- 
livering SO data by the Master Bata Proces* 
sing Facility (MDFF) at GSFC had a negative 
impact on the HCM-025 Investigation, 

The following drawbacks should be pointed out: 

A. Irregular delays and unorganized assort- 
ments of shipments. This resulted in: 

, Pi's extra -burden for promotion, coor- 
dination and control of Interpretation by 
Co-investigators, 

, considerable complication in distributing 
and filing by JRC staff and Test Site Co- 
ordinators, 

, loss of confidence and difficulties for a 
sound interpretation by Co-investigators. 
Multitemporal interpretation was parti- 
cularly affected by such distribution 
anomalies, 

B. Errors in image processing and uncorrec- 
ted deliveries such as: 

a) the same scene (same orbit, same expo- 
sure time) processed at different periods 
had different coordinates, 

b) physically identical scenes - with iden- 
tical cloud pattern - had completely dif- 
ferent exposure dates, 

c) copies of the same image sent several 
times, 

d) processed images announced but not in- 
cluded in packages, 

e) delivery of unrequested extra-copies. 
This resulted in: 

- an extra-burden for control, distribution and 
filing by Ispra staff, 

- perplexity and loss of confidence by Co-in- 
vestigators. 


* 


The quality of SO data was densitometrically 
better compared to PT data. Contrast was 
good, but scanning was sometimes affected by 
a periodical line -effect. 
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TABLE IbU Status of Priority Processing Uit (PPL1 on 31 August# 1980, 


MONTH 





REQUESTS 








DELIVERIES 




FAILED 


G 


BNL 


F 

UK 

1 


G 

BNL 


F UK 

1 


TRACKS 


N 

D 

N 


N 

D 

N 

0 

N D 

N 

D 

N 

D 

N 

D N 

0 

N 

D 

N D 

May 78 

3 

3 



2 

2 



4 4 

3 

2 



1 

2 



2 

t 

June 

1 

1 



1 

1 



7 7 

i 

i 




1 


3 

2 

1 

July 



2 

2 

2 

2 

2 

2 

9 9 



2 

2 

2 

1 


0 

2 

5 

August 

1 

1 



4 

4 



10 10 





1 

4 


4 

3 

2 

September 





5 

5 

3 

3 

7 7 





5 

5 1 

2 

4 

4 

1 

October 

6 

8 



2 

2 



2 2 


5 




2 



1 

3 

November 

1 

i 



4 

4 

1 

1 

3 3 

i 

t 



2 

3 

1 

1 

2 


December 

1 

1 



2 

2 





1 




2 




2 

Jan, 79 

1 

1 









1 









TOTAL 

13 13 

2 

2 

22 22 

6 

6 

42 42 

5 

11 

2 

2 

11 

19 2 

3 

18 10 

5 10 


deliveries 

REQUESTS 


‘63,4& 


Legend* G 

BNL 

F 


Germany 

Benelux 

Franca 


UK 


United Kingdom 
Italy 


Retrospective Order Data 

Retrospective Order (RO) data had to be re- 
quested by Co -investigator I (via JRC) only 
after reception of SO data* Obviously# the in- 
terpretation activity of RO data was affected by 
the delays and drawbacks which affected the 
SO data, 

The greatest part of RO data was requested as 
Computer Compatible Tapes (CCT 'a) of SO 
scene*, CCT's processing and delivery by 
GSFC generally occurred about 1* 5 months 
after JRC 's request# CCT % delivery operation 
by GSFC appeared to be always regular. No 
particular complaints were received at JRC by 
Co -investigators. 

The situation of RO delivery on SO requests 
is shown in Table U.3, Some ATI data were only 
available in the last period of TELLES investi- 
gation. Some scenes ofTemperamre Difference 
{TDj and Apparent Thermal Inertia (ATI) were 
requested by Co-investigators, A few Middle 
European Insmutet were interested in their 
utilisation for correlation to topography# sails 
and land -use* 


TABLE 11*2: Distribution of Standing Order (SO) Scenes per 
Test Site and Country# Made by JRC I spra, 


T*st 

Test 

No# of 

Repeatedly 

Scenes 

SIM 

Site 

SO 

Processed 

per 

Group 

No. 

Scenes 

Scenes 

Country 


1 

75 

6 

259 

Italy 

2 

3 

135 

127 

11 

13 



others 

1 




4 

185 

15 

319 

France 

13 

123 

8 



others 

90 

5 



5 

81 

2 

185 


6 

77 

4 


Germany 

7 

77 

4 



15 

others 

2 



Benelux 

12 

136 

6 

13 

142 


8 

77 

3 

173 

United 

Kingdom 

9 

.19 

11 

78 

69 

64 

4 

3 

4 



others 

39 

1 


TABLE 11,3s 

Retrospective Order (RO) Scenes on CCTs 


on 31 August, 1980, 




NASA/ EARTHNET/ 

total 


GSFC 

CMS Lannlon 

Ordered 

101 


74 

175 

Received 
Sun not 

95 


71 

166 

received 

6 


3 

9 


Total Distribution per Country; Benelux 31 

France 41 

Germany 73 

Italy 15 

United Kingdom 12 
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TABLE 11*4 > Quick took Distribution by CMS Lannlon to T6LLUS fust Sites Croups 


nichtqbbits 






DAY ORBITS 






Track 

IRC 

i 

c 

DNL 

F 

UK 

Track 

JRC 

1 

G 

BNL 

F 

IX 

2*1 

X 

X 





18.3 

X 






13.1 

X 

X 





8.1 

X 

X 

X 




. 8.1 

X 

X 





3.1 " 

X 

X 

X 




3*1 

X 

X 





14.1 

X 

X 

X 




14*1 

X 

X 





9.1 

X 

X 

X 

X 



9.1 

X 

X 

X 




4.1 

X 

X 

X 

X 



4*1 

X 

X 

X 




15 1 

X 

X 

X 

X 



15.1 

X 

X 

X 


X 


16.1 

X 

X 

X 

X 

X 


10.1 

X 

X 

X 


X 


5.1 

X 

X 

X 

X 

: X 


5.1 

X 

X 

X 

X 

X 


16.1 

X 

X 

X : 

X 

X 

X 

16.1 

X 

X 

X 

X 

X 


11.2 

X 

X 

X 

X 

X 

X 

*2.2 

X 

X 

X 

X 

X 


6.2 

X 

X 

' X 

X 

X ' 

X 

18.2 

X 


X 

X 

X 


1.2 

X 

X 

X 

X 

X 

X 

1.2 

X 


X 
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ESA I EARTHNET Data Delivery . 

Quick Look Data 

Since May 1979 CMS Lannion hai been produ- 
cing and regularly distributing Quick Look (QL) 
data for the whole HC MM trackings of the 
Lannion station receiving area. Fig. II. 2 shows 
the flow diagram of QL data distribution to Co- 
investigators. The QL data distribution scheme 
to TSCs# according to track number, is indi- 
cated in Table II. 4. Quality of these QL data was 
rather good. 

Retrospective Order Data 

RO data request had to be made to CMS Lan- 
nion after reception of QL data by Co-investi- 
gators. The flow diagram of RO request to 
ESA/E ART HNET and delivery to Co -investi- 
gators by CMS Lannion is shown in Fig. II. 2. 

The overall time for request and delivery to 
Co -investigato rs was faste r as for RO data 
on SO requests. No particular problems arose 
in processing and distributing RO data. TEL- 
LUS Co-investigators asked for 74 CCTs. 

Table 3 presents the overall situation of RO 
delivery on QL requests. The distribution 
within national Test Site Groups is also indi- 
cated. 

Processing routines of TD and ATI data were 
available to CMS Lannion in the very last 
phase of HCM-025 Investigation only. This ex- 
plains the small number of TD ana ATI re- 
quested. 
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Priority Covorago 

A series of priority HCMM satellite coverage 
was requested by some Co-investigators and 
by JRC to be matched with concomitant ground 
measurement!, aircraft flights oy other satel- 
lites ' passes. However, a correct switching- 
on of HCMM satellite was not always easy to 
obtain for various reasons. In 1978 the situa- 
tion was particularly difficult owing to conges- 
tion at the Madrid Station for other satellites 4 " 
transmission. Sometimes HCMM satellite 
switching-on could not be organized at all. 
After March 1980 due to a lowering of HCMM 
orbit it was difficult to know the actual track 
pattern and ask for correct priority switch- 
ing-on. 
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III. Activity Performed 
and Results Obtained 


Part 1 : Evaporation and Soil Moisture 


1. Development and Test of Algorithms 

Working Group . Evaporation and toil moittura ( P, Balnlgar , JRC Itpra ad, 
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Introduction 

According to the field of application, soil 
moisture and evaporation can be expressed 
at various time and spatial scales. 

The meaningful interpretation of an average 
soil moisture content and soil water proper- 
ties is complicated by the three-dimensional 
nature of this parameter and is actually 
limited to about field size (SIMMONS et al. 
1979, RUSSO and BRESLER 1980). 

On the contrary, evaporation or evapotrans- 
piration (ET) is a well defined and useful 
concept on time scales ranging from a few 
minutes to about a month and on spatial scales 
from a field plot to the size of a continent. 

The time and spatial scale are usually not in- 
dependent of each other. Specific methods for 
measuring evaporation are being used, and 
are still being developed at the various scales 
(SEGUIN 1980). 

On a, local scale, ranging from a few square 
meters to fields of about 1 ha, ET can be es- 
timated from measurements in the atmos- 
phere (BOWEN 1926) or from a water balance 
in the soil (DAIAN and VACHAUD 1971). The 
corresponding time scale runs from a few 
minutes to a few days and the precision is in 


the order of 10 - 20%. 

At the other extreme, on the very large scale 
ranging from vast drainage basins and up to 
continents (10 - 10 Km ), evaluation is 
possible using atmospheric vapour flux ana- 
lysis and the laws of the planetary boundary 
layer (RASMUSSEN 1977, BRUTSAERT and 
MAWDS LEY 1976), The corresponding time 
scale runs from about a month down to a few 
days and the precision of the estimate is 
about 20 - 30%, 

Between the continental and the local scale 
there exists a gap at what one may call the 
regional scale from about 1 Km^ to 10^-10^ 
Km^j which is the width of the synoptic me- 
te or o logic network in large parts of Europe. 
The corresponding time scale would go from 
one to about 10 days, according to the po- 
tential users (SEGUIN 1980). These potential 
users of regional evaporation data could be 
found* 

- in agronomy for predicting crop yields and 
scheduling irrigation (MAEET and GUYOT 
1978, IDSO et al. 1978); 

- in hydrology for establishing a regional 
water balance (VAN DER PLOEG et al, 

1 976 ); 

- in regional climatology where the latent heat 
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of evaporation is an important factor for 
the repartition of energy at the surface 
(SEGUIN 1978a). 

Actually, estimates of £T on the regional scale 
are being carried out using Penman’s equation 
(THOM and OLIVER 1977), the conception 
approach of MORTON (1977) or the relation 
between local and regional ET derived by 
BOUCHET (1963), Routine estimates from data 
provided by the synoptic meteorologic network 
are established in France (CHOISNEL 1977) 
and in the U. K. (WALES -SMITH and ARNOTT 
1979). The difficulty with these methods lies 
in determining which surface is exactly con- 
cerned by their results and in interpolating 
correctly between the measuring points of the 
synoptic network. 

The Heat Capacity Mapping Radiometer (HCMR) 
with its spatial resolution of approximately 
500 x 500 m should be well suited to find so- 
lutions for this difficulty. 

Therefore, in the HCM-025 investigation a 
systematic approach was used through the de- 
velopment of theoretical models, their testing 
in long-time measurement campaigns on the 
ground and during aircraft flights* and, 
finally, in their tentative application to HCMM- 
satellite data. 

Methodology 

The basic equation containing a relation be- 
tween surface temperature T g and the evapo- 
ration ET is the energy balance equation 

ET = R - H - S (1.1) 

n v ' 

where 

ET =• latent heat flux 

R n = net radiative flux 

H - sensible heat flux 

S = ground heat flux 


In the combined aerodynamic energy-balance 
approach, already used by BROWN and ROSEN- 
BERG (1973) and STONE and HORTON (1974), 
the sensible heat flux H is calculated by the 
aerodynamic equation (1.2) relating flux to the 
difference between air and surface temperature* 

H = pCph (T s - T a ) (1.2) 

where p is the density of the air, Cp the spe- 
cific heat of the air, h is the sensible Heat 
exchange coefficient and T a and T s are the air 
and surface temperatures. 

Combining equations (1,1) and (1.2) and re- 
writing one obtains 

ET = (1 -<k)Rq+ e (Rj . O' T*) - 

pCph (T a - T g ) - S (1.3) 

where a is the albedo for solar radiation, Rq 
is the global incoming solar radiation flux, 
the long wave sky radiation flux, e is the sur- 
face thermal emissivity and a the Stephan- 
Boltzmann constant. 

The HCMR should make two contributions to 
the solution of eq. (1 • 3). Its sensor in the 
visible near-infrared-range (0.55 - 1.1 ^m) 
should provide a value for the albedo, contri- 
buting to an evaluation of the net radiation flux, 
and its thermal sensor (10,5 12. 5 pm) should 

give a value of the surface temperature, con- 
tributing to the calculation of the sensible heat 
flux and of the thermal component of the net 
radiation flux. 

Three critical points of the method can be 
identified: 

1 . The air temperature is measured as the ki- 
netic temperature, while the surface tem- 
perature is measured by the HCMR as the 
radiative temperature and, therefore, a 
knowledge of the thermal emissivity is ne- 
cessary to avoid errors which could amount 


to 2 * 3 degree* (BECKER et al, 1980), 

2, The calculation of the sensible heat ex- 
change coefficient h is rather delicate and 
depends on the knowledge of a roughness 
parameter of the surface which is difficult 
to evaluate. 

3. The meaning of a remotely sensed surface 
temperature in eq. (1, 3) is open for dis- 
cussion as even in a short grass cover im- 
portant horizontal and vertical temperature 
gradients can be measured and discrepan- 
cies between T s measured and calculated 
by eq, (1 . 2) have been noted (KEIJMAN and 
DE ERUIN 1979). 

Test of the Combined Aerodynamic Energy* 
Balance Approach 

The performance of this approach expressed 
in eq. (1* 3) was tested on a grassland area of 
Test Site no. 4 at Montfavet, Southern France 
(SEGUIN 1973b). The grassland area was com- 
posed of a Northern and a Southern field with 
a different irrigation schedule, but due to the 
wet summer of 1977 there was little effective 
difference in the water regime of the two fields. 

Over a 67-day period of July-September 1977 
all components of the energy balance equation 
were measured at 1 -minute intervals on this 
area. For a two-week period in July, hourly 
and daily ET was calculated by the aerodyna- 
mic energy-balance method (ET Tg ) and was 
compared with the Bowen ratio method (ET^) 
which served as a standard reference. 

As shown in Figs. Ill 1. 1 and III 1, 2, the 
values of this comparison were spread around 
a 1:1 relation line both for hourly values 
at the time of the daily maximum surface tem- 
perature (Fig. Ill 1.1) and for daily values of 
ET (Fig. Ill 1.2). 

Despite the considerable spread, these results 
seemed to be encouraging and the problem of 



Fig.lll.1.1, Relation between hourly values (12-13 hr UT) 
of ETj* and ET during the experiment of summer 1977 
(SEGUIN 1978). 



Fig. III. 1.2. Relation between integrated daily values of 
ETjs and ET during the experiments of summer 1977 
(SEGUIN 1978), 


the calculation of the daily ET from the in- 
tegration of only one (day) or two (day/night) 
instantaneous values given by HCMM had to 
be solved. This was attempted by modelling 
the evapotranspiration flux in the soil-plant- 
atmosphere continuum. 
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.V 


WW I 


Modals ol Water and Haat Flow In the Soil* 
Plant-Atmosphara Continuum 


The TERQRA Model 

1 • Description 


In the TERGRA model (SOER 1977) the eva- 
potranspiration flux ET is also written as a 
transport equation! 



*c( T c>-*a 

r +■ r 
av s 


(W.m- 2 ) 


(1.4) 


where y is the psychrometric constant 
(Pa. K"* ), e*(T c ) the saturated water vapour 
pressure (Pa) at temperature T c , e^ the 
water vapour pressure (Pa) in th & aiif, 
the turbulent diffusion resistance for water 
vapour (s. m"*) and r s the crop diffusion re- 
sistance for vapour transport (s.m~*). 


Combining equation (1. 3) and (1.4) the crop 
water vapour flux is set equal to the liquid 
water flux in the soil-plant system! 


E = 


1 ^soil ^leaf 
S ^soil*^plant 


(kg.m- ? vs“ l ) 


(1.5) 


where i// go *£ and ^i ea £ are the water pressures 
(Pa) in the soil and the leaves respectively, 
and Rg oil and Rpj ant the resistances (s) in 
the soil and the plant respectively, and g is 
the acceleration due to gravity. The two pro- 
cesses are coupled by the relation! 


*s = 1 (^eaf) (1.6) 

With this model the daily behaviour of crop 
temperature and energy balance components 
is simulated for different soil moisture con- 
ditions, resulting in a family of curves of 
ET or of the surface temperature (Pig. Ill 
1. 3). The curve which corresponds at the 
time of the daily maximum with the remotely 
sensed surface temperature is assumed to 
represent the time curve of the energy ba- 
lance components for this day and conse- 
quently gives also the daily evapo transpiration. 
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tin* of Kirtao twnporaturt rrwMuremtnt 



Fig.ll), 1.3. TERGRA-ilmulition of the daily course 
of actual evapotranspiratlon ET at different soil 
moisture pressure values i// soil (SOER 1980f. 


2, Test of the TERGRA model 
2. 1 Grassland 

Asa first approximation, a short grass cover 
may be considered a relatively simple and 
unstructured surface, i.e. one may assume 
that the remotely sensed surface temperature 
coincides with the surface temperature at the 
hight of zero windspeed in eq. (1.3) and (1. 4). 
A test of the TERGRA model based on this 
assumption was carried out in the Nether- 
lands (NIEUW ENHUIS and KLAASSEN 1 978). 

While the total daily ET calculated by the 
TERGRA model agreed with the Bowen ratio 
reference method to within 4% as shown in 
Fig, III 1.4, the maximum difference for 
the instantaneous ET reached 25% . 

The importance of this instantaneous diffe- 
rence is considerable for remote sensing 
purposes if one remembers the fact, that one 
instantaneous surface temperature value at 
the time of flight or satellite overpass is used 
to calculate daily ET, 

As was to be expected, ET at night was close 
to zero or even negative, i. e. condensation 
was taking place, 

A comparison of measured surface tempera- 
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Fig.lll.1.4. Dally course of the evapotranipiration ET calculated with the TERGRA-model and measurements according 
to the Bowen ratio-method for August 30 and 31, 1977 NIEUWENHUlS and KLAASSEN 1978), 


tures and those calculated by the TERGRA mo- 
del (Fig. Ill 1*5) shows that the model tends 
to underestimate actual surface temperature 
by up to 2°C during daytime. As will be shown 
later, this discrepancy corresponds approxi- 
mately to the temperature difference between 
well watered and water stressed crops ob- 
served in the summer climate of Western 
Europe. 



Fig, (II. 1.5. The simulated crop temperature with and 
without the correction according to THOM and the 
radiation temperature measured by the KNMI with a 
Barnes (Tb ) and a Hejmann (T h ) radiometer for August 
30, 1977 (NIEUWENHUIS and KLAASSEN 1978), 


Without the Thom correction for the differ- 
ence between flux of momentum and latent 
heat (THOM 1972), the difference between 
measured and calculated surface temperature 
in Fig. Ill 1. 5 reached even 3* 5°C. 

On the contrary, in another test of the 
TERGRA model carried out on two 30 x 60 m 
grass plots in July 1978 at Policoro in the 
South of Italy (4 0°1 4' N, 16°40'E), the 
TERGRA model overestimated crop surface 
temperature around the time of the daily 
maximum (13. 00 hrs) by 2 - 6°C (CARLONI 
et al» 1981). As shown in Table III 1. 1 > the 
daily evapotranspiration calculated by the 
TERGRA model agreed to within 1 6 % or 
better with the daily ET calculated by the 
Bowen ratio, but its estimates uere always 
lower than ET , Unfortunately, during the 
period of the test there was no, or only a 
slight, difference in the water regime of the 
dry and irrigated plot and in both plots ET 
was close to potential ET. Furthermore, due 
to the size of the plots and the surrounding 
ground cover, an oasis effect is not to be ex- 
cluded. 
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DATE 


IT 

,mmd 

-i 


T, w*t, °C 

T, *V. c C 



TERGRA 


•OWtfl 

Ctaii • A 

TIRGRA 

measured 


TERGRA 

MEASURED 

4 






ratio 










wtt 


dry 



calculated 



calculated 




30,6 


7,0 


7,3 

8,7 

30,4 

25.4 

5.0 

29.9 

26,9 

3.0 

27,4 

1,7 


6.6 


6,7 

7,9 

28.7 

24,3 

4.4 

28,6 

25.7 

2.9 

25.5 

msi 


5,6 


6,4 

6,1 

30.1 

25.9 

4,2 

30.0 

27.0 

3.0 

26,4 

Be 


5.9 


7.0 

8.2 

31.6 

26,5 

5,1 

31.4 

27,9 

3.5 

25.6 

11 


5.8 


6.1 

7,3 

30,9 

26.0 

2.9 

30.9 

29,0 

1,9 

25,8 

8,7 

5,5 


5,5 

5.8 

6.6 

29.3 

24.9 

4,4 

29.9 

26.6 

4,3 

26.1 

9,7 

5,4 


5,4 

5,8 

7.5 

30,4 

25.0 

5,4 

30.9 

26.0 

4,9 

24,7 

10,7 

6,0 


6.0 

7,1 

8.1 

31,8 

25,2 

6,7 

32.6 

26.9 

5,7 

27.4 

11*7 

6.3 


6,2 

6.2 

7,8 

32,8 

28.5 

4.3 

32,7 

29.0 

3,7 

27,6 

12,7 

6.3 


6,2 

7,3 

8,5 

33,3 

28.1 

6.2 

33.2 

28.9 

4.3 

28.6 


Tabto 01,1,1' Dally cumulative evapctranspiration (ET) calculated by the TERGR A model and the Bowen ratio, class-A pan 
evaporation, crop surface temperature (Tc) and air temperature (Ta) for two test plots at Pollcoro, Southern Italy 
(CARLONI et al 1981). 


2, 2 Structured crops - Potatoes 

For higher, structured crops the simplifying 
assumption made for short grassland can no 
longer be made and the temperature distri- 
bution inside the canopy has to be taken into 
account when solving eq. (1. 3). In fact, as 
pointed out before, even in short grassland 
important temperature gradients were mea- 
sured by KEIJMAN and DE BRUIN (1979). 

A solution for structured crops, 1. e. consi- 
dering the temperature distribution inside the 
crop canopy, has been worked out by KLAAS- 
SEN (1979)* In this case, the turbulent diffu- 
sion resistance for heat transport in eq, (l , 3) 
= £ has to be composed of two terms: 

(s.m- 1 ) 

where r am is the atmospheric resistance for 
momentum transfers and 

r. = 80 0, 5 (s, m* 1 ) 

1 u 

with w being the leaf width (m) and u* the 
friction velocity (m. s “ * ). This approach is 
also valid for the short grass surface treated 
previously, 

Likewise, for potatoes the relation given by 
eq, (1. 6) had to be replaced by constant values 


of the crop resistance r 9 , with an r s value of 
50 being characteristic of a well watered crop 
and a value of 120 being valid for water stres- 
sed potatoes. 

A comparison of daily ET calculated by this 
method and measured by the Bowen ratio is 
given in Table III 1, 2, while the corresponding 
measured and calculated surface temperatures 
at the time of the daily maximum are compared 
in Table III 1.3. 

One may note that the results are very sensi- 
tive to the value of the crop resistance r g , a 
parameter difficult to evaluate. Furthermore, 
in order to arrive at absolute daily ET values 
corresponding to measured ET crop resistance, 
values had to be used which led to overestimate 
crop surface temperature by up to 4°C. 

On the other hand, as shown in Tables III I. 2 
and III 1 , 3 for the two days with a relatively 
high evaporative demand, the temperature 
difference between well irrigated and water 
stressed potatoes was about 2°C both mea- 
sured and calculated. This difference corres- 
ponded to 0. 9 and 1 . 6 mm of daily ET, 

This temperature difference of 2°C could be 
detected by the HCMR and one may therefore 
conclude that the TERGRA model should not 













ORIGINAL PAGE IS 
OF POOR QUALITY 


Daw 

* 


Slmulttsd 

r$ (•»m M ) 

ET 

(mm) 

if 


n 



12 July 1979 

3.3 

mm 

1 

3,6 


B8?W 

13 July 1979 

M 

m- 


1.1 

1,0 

0.2 

14 July 1979 

3.1 

K9 

KS9 

2,4 

2,1 

0,1 


Tablt III. 1,2. Daily evapotranspi ration (ET) and daw of 
Irrigated potatoes as measured by the TERGRA * model 
(NIEUWENHUISet al, 1980). 


Ottt 

MiMurtd 

Simulate 

r. 

T, 

(°c> 

irr, 

l°C) 

non-lrr. 

I°C) 

ST 

rc» 

50 

(°C) 

120 

(°C) 

iT 

(°C| 

12 July 1979 

21.5 

21,4 

23.8 


23.6 

25,7 

2.1 

13 July 1979 

20,5 

18,8 

19,3 


20,5 

21.5 

1.0 

14 July 1979 

20,5 

20.6 

22,7 


23,3 

25,0 

1,7 


Table III. 1.3. TERGRA simulated and measured radiation 
temperature of potatoes and air temperature Ta at 
14,00 hours UT (NIEUWENHUISet al, 1980), 

be used for an absolute calculation of ET, but 
the temperature difference between compar- 
able surfaces should serve to identify water 
stressed crop surfaces. 

The TELL-US Model 

1 , Description 

The TELL-US model (ROS'EMA and BIJLE- 
VELD 1977) is also based on a solution of 
eq. (1 . 1) but it was specifically designed for 
bare or sparsely vegetated soil and for the 
HCMM satellite, as it uses not only the daily 
maximum but also the daily minimum tempe- 
rature. 

Transient heat flow in a homogeneous soil is 
described by a finite difference equation. As 
a lower boundary, a soil depth outside the 
dally temperature cycle is taken, while the 
upper boundary is given by a level in the at- 
mosphere where wind speed, air temperature 


and air specific humidity have to be mea cured 
hourly. The atmosphere and the foil regime 
are coupled by eq. (1, 1), 

As two surface temperatures measured at 
proper times are used as input, the model can 
give a solution for two unknowns. One of the 
two must have a strong influence on the course 
of the surface temperature during daytime, 
while the other must govern the nighttime sur- 
face temperature course. 

A parameter combination that satisfies these 
criteria is formed by surface relative humidi- 
ty and thermal inertia. In the model, these 
two unknowns have to be assumed to be con- 
stant during the daily cycle. 

In applying the model, dally maximum and 
minimum temperatures are simulated for a 
series of combinations of surface relative 
humidity and thermal inertia, producing look- 
up graphs as shown in Fig, III 1. 6. By enter- 
ing the remotely sensed daily maximum and 
minimum temperature in Fig. Ill 1, 6a, one 
obtains the surface relative humidity which 
by the relation in Fig, III 1, 6b permits to 
obtain daily cumulative ET, 

From the thermal inertia and using a known 
relation between thermal inertia and soil 
moisture, the volumetric moisture content in 
the upper soil layer can be determined. 

The TELL-US model was also adapted to soil s 
covered bv vegetation (KLAASSEN and ROSE- 
MA 1979 ). In this version, the assumption of 
a constant surface relative humidity was either 
replaced by that of a constant plant resistance 
tpt or by the assumption of this plant resis- 
tance being proportional to the water vapour 
deficit. 

2, Test of the TELL-US model 

A first test of the TELL-US model (ROSEMA 
et al, 1978} showed reasonable agreement 
between measured and calculated average soil 










day !empeiature(%) 
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surface relative humidify (volume) 

0,2 0,4 O'S 0,1 1,0 




night temperature (*C) 


Fig, 111,1,0, Look up graphs calculated by Tell-us In the case of bare soli with albedo 0.09 (DEJACE at al, 1979), 


•moisture content in the top soil layer (Fig. 
Ill 1 , 7a and b). 

Comparing daily cumulative ET measured in 
a lysimeter and ET calculated by the model 
(Table III 1, 4)* one notices a rather large 
discrepancy which seems to a certain extent 
to be caused by the assumption of a constant 
surface relative humidity. 

Further analysis of the model with data from 
the Joint Flight Campaign at Grendon, U, K* 
(HUYGEN and REINIGER 1979) showed the 
model to be very sensitive to the value of the 


Days aftar 
irrigation 


Maas urad by 
lysimatar 


Calculated with 
TELL • US 


I 


(+ ; condensation) 

Table 111,1,4, Total Dally evaporation (mm day) 
(ROSEMAetal, 1978) 


Volumetric water content 

•1 .2 1.3 A 


Volumetric water content 



a) 2 days after irrigation 



b) 14 days after irrigation 


— — day 
----- night 
arrow 


measured 

calculated from thermal inertia 


Fig.111,1,7, Soil moisture profiles of Avondale loam (ROSEMAetal. 1978), 
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aoll heat capacity and to spatial change* in 
air temperature which are frequent during 
night* with low windspeed. Modification* were 
introduced into the model to permit the u»e of 
correct values of the soli heat capacity com- 
bined with short calculation time* (HUYGEN 
1979a). 


plitude was more effective in distinguishing 
the type of surface cover than either the mi- 
nimum or maximum surface temperature 
alone# This Is shown in Fig, HI 1,8 presen- 
ting thermal data obtained during the Joint 
Flight Experiment* France. 1977 (PERRIER 
et al, 1980), 


One may conclude that these difficulties and 
the assumption of a constant surface relative 
humidity make the use of the TELL-US model 
for the estimation of cumulative evaporation 
rather problematic, This evaluation does not 
necessarily Include the estimate of soil mois- 
ture by the same method. It is furthermore 
evident that the model should be tested more 
extensively under different climatic and soil 
moisture conditions. 

As the night time contribution to the daily ET 
can in most cases be neglected, the difficul- 
ties arising from a use of the night tempera- 
ture should be avoided and the evaluation of 
the daily ET should be based on one or more 
remotely sensed daytime surface temperatures 
(BECKER and HECHINGER 1979). 

On the contrary, the daily temperature am- 


Other Models 

Two simplified models which have been de- 
veloped as part of the Tellus Project should 
briefly be described. 

1, The TELOP model 

This model (GREGOIRE, 1 980) is based on the 
assumption that cumulative daily ET is a 
function of cumulative daily net radiation 
(HLAVEK et al, 1974). This function is dif- 
ferent above and below a "critical" soil mois- 
ture content, Cumulative daily net radiation is 
calculated as a sinusoidal function from Rn ^3 
the net radiative flux at the time of the daily 
maximum surface temperature, i. e. the time 
of the HCMM overpass. This net radiative flux 
is derived from eq. (1. 7). 



Fig, (11,1,8, a. Frequency distribution of the day and night time surface temperature of two contiguous fields 
of corn and bare soil, 



Fig.l 1 1.1 ,8.b. Frequency distribution of the day/night surface temperature difference for the 2 fields 
(PERRIER etal, 1980). 
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Rn 13 * 13 **»»*"* 1 o 13 

y/here the subscript 13 refers to 13 hours UT, 
or the time of the satellite overpass and Rj 
Is the emitted long wave radiation* 

The remotely sensed surface temperature 
serves to calculate the emitted long wave ra- 
diation as in eq. (1* 3), RG^ Is either mea- 
sured on the ground or is calculated from the 
reflected visible a NIR radiation measured by 
the satellite if the albedo of the surface is 
known. 

Using data from the Policorci Experiment 
1978 (Test Site no, 1) over a 10-day period, 
cumulative ET calculated by the TEXOP mo- 
del differed from values obtained with the 
TERCRA model by 9%* Maximum differences 
in daily ET were 25%, 

2 , The SEAL, model 

This Simplified Evapotranspiration Algorithm 
(HUYCEN 1979b) is an adaptation of the TELL- 
US model to surfaces covered by vegetation. 
Accordingly, the following changes have been 
introduced into the model? 

The simulation period is reduced to the time 
between sunrise and sunset* 

The ground heat flux Is assumed to be 10% of 
the net radiation, 

The course of the daily surface temperature 
is calculated for different but constant values 
of bulk stomatal resistance, instead of sur- 
face relative humidity and thermal inertia. 

For a certain stomatal resistance there will 
be agreement between the remotely sensed 
surface temperature close to the daily maxi- 
mum and the simulated crop surface tempera- 
ture at that time. The stomatal resistance 
thus obtained permits the calculation of the 
daily evapotranspiration* In addition* the crop 
surface temperature corresponding to poten- 
tial evapotranspiration is being calculated, 

A first result obtained by the algorithm agreed 


to within 5% with the daily evapotranspiration 
calculated by the TERGRA model, but no 
further tests with experimental field data have 
yet been carried out* 


Th* Operational Evaluation of ET-Algorlthma 

i 

Comparison of Methods involving Surface 
Temperature and Classical Methods 

* ■ ;**•■» #»* » MM 

An operational evaluation of ET -algorithms 
was carried out in 1978-80 on Test Site no.4 
in the Crau (43°50 , N, 4°56*E), Southern Fran- 
ce (SECUIN and PETIT 1980). 

The site on flat land consists of 10-30 km^ 
of irrigated pasture and about 100 km of non- 
irrigated grau aland. Two identical monitoring 
stations were established, one in the irrigated 
and the other in the dry zone. The following 
parameters were measured in each station 
every 10 minutes; 

- net radiation 

- soil heat flux 

- wet and dry bulb temperature of the air 

at 0. 3 and 2 m 

surface temperature (H El MANN KT-24) 
winds peed at 2 m 

soil temperature at 0* 1, 0, 5 m depth. 

Global radiation was measured at Montfavet 
(30 km from the site). The measurements 
covered the period July- October 1978 and 
April 1979 - March 1980. 

Evapotranspiration was calculated for both the 
dry and irrigated zone by four methods which 
were compared with the Bowen ratio method 
serving as a reference. 

Two of the four methods did not involve the 
surface temperature, They were the approxi- 
mations ET Rn = Rn (HLAVEK et al. 1974), 
liable to be valid under wet conditions and 
£T ft q- (A '(A+y )Rn> i. e» the first term of 


Penman' » equation, adapted to moderately dry 
conditions (PERRIER 1977), 

The methods using surface temperature were 
the combined energy balance •aerodynamic 
approach (ET^, ( ) eq. (1, 3) and a simplified 
approach (ETj^,), proposed by JACKSON etal. 
(1977). The equation used for ETj^, had the 
form! 

ET a (Rn - $)+ 1.0- 0, 25 (T 8 - T A ) (1.8) 

(mmd* 1 ) 

The difference between the values in this 
equation and in the one originally proposed by 
Jackson can most probably be explained by the 
local advective conditions of the Arizona test 
plots. 


Comparing the results obtained by the four me- 
thods with the Bowen ratio reference standard 
(ST ) for the irrigated zone (Fig. Ill 1,9) and 
for the dry zone (Fig, III l, 10), one can draw 
the following qualitative conclusions, 

- The two methods based on thermal infrared 
data, £T>r a and ETjq,, give results which 
both for the dry and irrigated zone are 
arranged rather symmetrically along the 

1 : l relation line, despite an important scat- 
ter of the single measurement points, 

- Of the two classical methods, each one pro- 
vides an estimate of comparable precision 
only for one of the two zones. While ET^ n 
is rather evenly distributed along the 1 ! 1 
line for the Irrigated zone, though with a 
tendency to overestimate ET, it completely 
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ET li 


ETd 


Fig.tll.1,9. Conparison of daily ET obtained by four different methods with the standard Bowen rttlo method (ET/3): 
a) ETTs, b) ETjT.c) ETRn. d) ET?q. The line represents the 1;1 relation (SEGUIN and PETIT 1980), 




A 
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Fig.IIU.10. Dry zone, 98 days in the summer of 1979. 

Comparison of dally ET obtained by four different methods with the standard Bowen ratio method (ET/3) : 
a) ETls» b) ETjt, c) ETftnrd) ETeq» The line represents the 1:1 relation (SEGUIN and PETIT 1980). 


overestimates ET for the dry zone. On the 
contrary, ET e ^ follows the l : 1 line for 
the dry zone, but underestimates ET for the 
irrigated zone. 

These qualitative conclusions are quantitatively 
supported by the seasonal mean daily ET 
(mm d~*) given by the four methods and pre- 
sented hereunder together with the Bowen ra- 
tio reference method (ET^) and the potential 
evapotranspiration (ETP). It should be noted, 


Season 

Zone 




ETP 

Summer 78 

Irrigated 

4,7 

Summer 79 

Dry 

6.7 


though* that the seasonal mean daily ET is a 
much less sensitive parameter than daily ET 
(Table III 1. 5). 

Taylors Expansion of the Surface Energy 
Balance Equation 

The energy balance equation (1. 3) can be 
approximated by a first order Taylor’s ex- 
pansion (MENENTI 1980). By using the par- 
tial derivative of eq. (l. 3) with respect to 


mmd*' 

ET ETTs ETJT 

3.5 4,2 4,0 

2*6 2*4 2.9 


ETR n 

ET eq 

4.1 

2.7 

4,4 

3,0 


Table 111,1.5, Seasonal mean daily ET calculated by five methods and potential evapotranspiration, 
{SEGUIN and PETIT 1980), 
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surface radiation temperature T g and albedo 
and employing the reference value of ET on 
the ground, the following relationship between 
ET, T5 and a was obtained for a desert area 
in Libya# 

ET(T S> )= -0, 125T s -8# 5« + 43. 73 (1,9) 

(mm d"*) 

Some of the estimated values were corrected 
because of relevant differences in aerodyna- 
mic resistance r^ and air temperature T^, as 
compared with the other data points. The 
corrections were calculated by taking other 
first order partial derivatives of eq. (1.3). 

The values measured by the Bowen ratio me- 
thod were use* 4 only for comparison. 

As shown in Fig. Ill 1 . 1 i , the results of the 
calculations with eq. (1.9) were spread around 
a i : 1 regression line on the ET measured 
by the Bowen ratio method. The standard de- 
viation was + 1 mm/d which represents about 
20 of the mean daily evaporation rate en- 
countered in the experiment. 

Equation (1.9) would have to be site -calibrated 



FigJIL1.11. Measured (ET ) versus calculated eq( 1.9} 
evaporation rates. Corrections included relate to surface 
aerodynamic resistance and air temperature. A scatter 
equal to twice the standard deviation is shown by the 
broken lines (MEN6NTI 1980). 


and could be used to transform maps of sur- 
face radiation temperature and albedo Into 
evaporation maps. 

Regional ET Estimates from HCMM Data 

1 . Satellite Imagery and maos 

A first evaluation of regional ET from HCMM 
thermal and albedo data was attempted for 
the Crau site in Southern France. Three 
night/day passes of the summer of 1978 were 
used in this attempt. The scenes were# 

17 , 7,78 28 . 7.78 12 . 8.78 

AA * 0092,020*0,3 AA <0093.02.12.0,3 AA <0108,0131.0.3 

AA ‘ 0082.1303.0,1.2 AA <0093.13.07.0.1,2 AA <0208.1247,0.1.2 

The scenes were geometrically rectified and 
superimposed on a topographic map on a scale 
1 1 250,000 (Fig. Ill 1.12). The irrigated and 
dry zones of the Crau were delimited on a 
Landsat imag'i on a scale 1 ; 50, 000 (BAELZ 
1980) and the boundaries were transfered to 
the 1 S 250, 000 map with a zoom transfer- 
scope (Fig, III 1, 13). 

2. Surface temperature 

The location of the two ground measuring sta- 
tions was marked on the map which permitted 
a comparison of ground and satellite measured 
surface temperatures of the same area. At 
the same time the mean surface temperature 
and albedo of the dry and irrigated areas was 
extracted with a suitable statistical program. 

It had been shown earlier (PERRIER et al* 
1980) that the mean temperature of a number 
of fields having the same surface characteris- 
tics could be used for the calculation of ET 
and that this calculation had not to be carried 
out for each individual field. The satellite sur- 
face temperatures were corrected for the off- 
set of the radiometer and the effect of the at- 
mosphere was calculated with the “Window" 
program (PRICE 1980) using radiosonde data 
(0 and 12 hr 3 UT) from Nimes, distant about 
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30 km from the site.* 

The resulting surface temperatures are pre- 
sented in Tables III 1 . 6 and III 1 , 7 and are 
confronted with the ground measured surface 
temperatures, 


Turning first to the night time surface tempe- 
rature in Table III 1. 7, one observes both a 
good agreement between satellite and ground 
measured temperatures (in 4 out of 5 cases 
better than 1°C) and a very small temperature 
contrast between the irrigated and the dry 
zone with a maximum difference of 1. 8°C, 


The daytime data in Table III 1 . 6 being the 
key to the use of remotely sensed surface 
temperatures for the evaluation of ET, they 
deserve a more extensive comment* 






Atm. 




Oat# 

ZOM 

ExtfnfJgn 

Tm °C 

*Off, 

Ti«eorr. 

tg 

TC"T, -t 





°C 

°c 





Point 

30.5 

3,9 

34.4 

39.8 

5.4 


irrlfl. 

Arts 

32.1 

4.6 

36,7 



17.7 



±3.1 





1978 

Dry 

Point 

36.4 

8.3 

42,7 

49.0 

6.3 



Araa 

35,2 

5.8 

41,0 






±2.7 







Point 

26.3 

9,0 


41.3 

6.0 


Irrlfl, 

Araa 

26,9 

9.6 

36,5 



28.7 



±2.4 





1978 

Dry 

Point 

33.0 

14.9 

47,9 

53,0 

5,1 



Art* 

31,4 

13.3 

44,9 






±3.1 







Point 

24,9 

5,3 

29,0 

28.9 

*0.1 


Irrlfl. 

Area 

24,7 

5.2 

28.7 



12,8 



±3,5 





1970 

Dry 

Point 

31,1 

6,2 

37.3 

’ ’ ' 

50,3 

j 12.0 


• 

Araa 

30,9 

6,3 

37,2 




[' 


±3.4 

i 


i ■ 
l 



Table 111,1,6. Satellite and ground measured daytime 
radiometric surface temperatures and atmospheric corrections 
for the irrigated and dry zone of the Crau (RE I NIGER et 
al, 1981) 
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1. The effect of the atmospheric corrections 
on the absolute surface temperatures is 
extremely important and had, on the three 
days investigated, values from 3.9 to 
14. 9°C. 

2* The atmospheric corrections also largely 
affect the temperature difference between 
the dry and wet zone. In the case of 28. 7. 
1978, this difference was 4, 5°C without 
and 8. 4°C with the atmospheric correc- 
tions and a difference of 11, 7°G was mea* 
sured on the ground. 

3, Even after atmospheric correction there 
remained a discrepancy between satellite 
and ground measured temperatures of 5 - 
6°C (the difference of 13. 0°C on 12. 8. 78 
is probably due to a failure of the radiome- 
ter on the ground). 
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M 

Atmoc 




OtM 

Zona 

Extanaiofl 

D 

Cofr. 

°C 

T^Co,,. 

tg 

t G T**t 


Irrlfl. 

Point 

16,0 


14.3 

15,7 

1,4 

17,7 

1978 


Araa 

17.1 ±1,1 

.1.0 

16.1 




Point 

17,8 

•0.8 

17.0 

■ 




Dry 

Ana 

17,3 ±1,0 


16.4 

■ 

■ 

HI 

Irrlfl. 

Point 

14,2 

0.2 

14.4 

15,1 

0,7 



Araa 

14.7 ±0,7 

0,6 

15,3 




Point 

15,6 

1,5 

17.1 

17*7 

0,6 

■ 

■ 

Dry 

Araa 

15.7 ±0,9 

1,4 

17.1 

_ 




Point 

11,6 

•t,2 

10,4 

9.9 


12.8 


Araa 

12,3 ±1.3 

•0.8 

11.5 


M 













K 

13.1 

13,6 

1 






13,1 


■ 


Table III. 1.7. Satellite and ground measured nighttime 
radiometric surface temperatures and atmospheric corrections 
for the irrigated and dry zone of the Crau (RE! NIGER et 
al. 1981), 


* The radiosonde data were provided by the Zentralamt des Deutschen Wetterdienstes, Offen- 

bach am Main, 
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Therefore* it is impossible to apply models 
for the calculation of ET which had been de- 
veloped for surface temperatures measured 
on the ground as long as no correepondance 
between ground and satellite measured sur- 
face temperatures has been established, Even 
the simplified relation ETjt cannot be applied 
as it was derived with the aid of ground mea- 
sured surface temperatures. As it should be 
extremely difficult, if not impossible, to re- 
late the temperature of a few square meters 
of land surface to the temperature of a pixel 
of approximately 25 ha, an alternative solu- 
tion would consist of deriving a relation of 
the type ETj^ for satellite measured surface 
temperatures. For this purpose, a larger 
number than the present three HCMM scenes 
of the Crau would have to be analysed. The 
problems enumerated above have little inci- 
dence on the use of HCMM thermal data to 
delimit zones of different ET measured on the 
ground. At present it seems that the major 
contribution of HCMM thermal data to the 
evaluation of regional ET is given by determi- 
ning the extent of the zone for which point " 
measurements of ET are valid, rather than 
by calculating ET from remotely sensed sur- 
face temperatures, 

3, Albedo 

Only little attention has been given so far to 
the albedo values in the 0. 55 - l, 1 m band 
provided by the HCMR. Table III 1* 8 pre- 
sents the satellite measured albedo for the 
irrigated and the dry zone of the Crau for the 
three scenes investigated. As a comparison, 
the albedo of approximately 425 km^ of the 
Mediterranean Sea off the coast of France is 
indicated for two of the scenes. 

As can be seen on Table III 1.8, there was no 
difference between the albedo of the dry and 
irrigated zone which came somewhat as a sur- 
prise. 


Zmw 

Uumdm 

17.7,1979 


12,9,1979 

Irrl* 

Point 

0,1# 

0.17 

0,13 

AfM 

0,1910,012 

0,19 *0,012 

0,1410.017 

Dry 

Point 

0.10 

0,17 

0,19 

At— 

0.19 10.010 

0.1910.010 

0.141 0,012 

Mrilltrrantifl 

Ut 


m 

0,03 1 0.004 

0,04 1 0.007 


,TobJo 111.1,8. Satellite measured albedo for the irrigated 
and dry zones of the Crau and an area of 1806 pixels In the 
Mediterranean Sea (REINIGER at a), 1981), 

Unfortunately, no albedo was measured in the 
ground measuring stations and for commenting 
the absolute values of the albedo one has to 
fall back on data in the literature and on albedo 
measured at INK A Montfavet, about 30 km from 
the site of the Crau. At Montfavet, albedo of 
short grass was measured as 0. 19 - 0, 20, 
while for a slightly drier, but also continuous 
grass cover, a higher albedo of 0. 25 - 0, 27 
was observed (SEGUIN 1978b). Measurements 
of the albedo of natural pasture in Israel 
carried out from a helicopter gave values of 
0. 19 in the dry season, and of 0. 29 in the 
rainy season (STANHILL 1970), This form of 
vegetation should be comparable to that of 
the dry zone of the Crau. 

Compared with these values, the albedo given 
by the HCMR is somewhat low* especially on 
12, 8. 78. This discrepancy may be due to at- 
mospheric attenuation which could amount to 
20 - 40*9, and to the difference in the wave- 
length band, conventional albedo being mea- 
sured in the 0.4 - 30 m band compared to 
0.55 - 1,1 for the HCMR. 

Likewise, the albedo of water was lower by 
20 - 40^ than the rather constant value of 
0, 05 given in the literature (MONTEITH 1973), 
This reduction could eventually be used to 
correct the albedo of the land surfaces, 

The values in Table III 1. 7 compare well to 
the albedo measured by NIMBUS II over the 



i 



F»g III. 1.11 Day Thermal image of the Crau (12 8 78) Geometrically Corrected at a Scale 1 250,000. The Location of the 
Ground Measuring Station* it Marked with a Dots and D" for the Dry and "I” for the Irrigated Zone (Bright n Hot. Dark 
it Coidi iRElNiGER et a* . 1981) 
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Fqj III. 1.13. The Orv tl) and Irrigated Zone (31 ot the Creu Delimited on a Topographic Map 1 250 000 The Measuring 
Stations are Marked D tor the Dry and I tor the treated Zone (RElNlGER et ai 19811 
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coastal region of northern Israel with values 
of 0.15 * 0.20 on 30 June 1966> and 0. 10 - 
0, 15 on 5 July 1966 (POUQUET and RASCH- 
KE 1968), 

Conclusion 

From the state of the art in general, and in 
particular from the results presented in this 
report, one may conclude that the use of crop 
surface temperatures does not give better lo- 
cal estimates of evapotranspiration than other, 
conventional, methods, On a regional scale, 
the use of HCMM, or similar satellite day- 
time surface temperatures, necessitates the 
elimination of atmospheric effects if any use- 
ful estimation of ET is to be attempted. 

For the evaluation of ET, the use of consecu- 
tive night/day temperatures showed to have 
no advantage over the use of the daily maxi- 
mum temperature only, but four or five tem- 
perature measurements during the daily cycle 
should provide a better estimate of ET. 

Furthermore, if ET models developed for 
ground measured surface temperatures are 
to be employed, satellite measured surface 
temperatures have to be firmly correlated 
with these ground measured data. An alterna- 
tive solution could be seen in establishing sim- 
plified relations of the ET j^-type directly be- 
tween ET and satellite measured surface tem- 
peratures. 

On the other hand, HCMM daytime thermal 
images showing temperature differences be- 
tween comparable surfaces, should permit to 
identify water stressed areas. They should 
also permit to delimitate zones of ET by inter- 
polating between the network of ground mea- 
suring stations. 


Composition of Working Group II : 

Permanent Members: 

F. E. Eckard, Institute of Plant Ecology, Uni- 
versity of Copenhagen, Copenhagen, Denmark, 

B, Seguin, INRA - Station de Bioclimatologie, 
Montfavet, France. 

R.R, van der Ploeg, Institut fUr Bodenkunde 
and Waldern&hrung der Georg-August-Univer- 
sit&t, Gdttingen, Germany. 

G. Maracchi, Istituto di Agronomla Generate 

e Coltivazione Erbacee, Universita di Firenze, 
Firenze, Italy. 

R.A, Feddes, Instituut voor Cultuurtechniek 
en Waterhuishouding (ICW), Wageningen, The 
Netherlands, 

R, J. Gurney, Institute of Hydrology, Walling- 
ford, U, K, 

P, Reiniger (Coordinator), Commission of 
the European Communities, Joint Research 
Centre (JRC), lspra (Italy). 

Collaborating Members; 

F. Becker, Universite Louis Pasteur, Stras- 
bourg, France. 

A, Perrier, INRA - Station de Bioclimatolo- 
gie, Versailles, France. 

A. Rosema, Engineering Consultants for 
Environmental Analysis and Remote Sensing 
(EARS), Delft, The Netherlands. 

G. Tassone, Commission of the European 
Communities, Joint Research Centre (JRC), 
lspra (Italy). 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Ritortncts 

BAELZ S, , 1980. Utilisation de thermogra- 
phies infrarouge recueillies par satellite 
pour le calcul de ^evapotranspiration a 
I'echelle regionale. These du doctorat 3eme 
cycle, Univ. Paris VI - Pierre et Marie 
Curie, Dec. 1980, 124 pp. 

BECKER F. and HECHINGER E. , 1979, 
Potentialites de la teledetection pour 1‘etude 
des mecanismes de transfer et la me sure des 
flux echanges entre sol et atmosphere. Tel- 
lus Project, 4th Meeting of Working Group II, 
Monterotondo, November 20-21 , 1979. 

BECKER F* , NGAI W. and STOLL M. P. , 

1 9 B 0 . An active method for measuring ther- 
mal infrared effective emissivities: Impli- 
cations and perspectives for remote sensing* 
Tellus Newsletter 21, JRC, Ispra, 18 pp, 

BOUCHET P. J, , 1963, Evapotranspiration 
re e lie et potentielle: Signification climatique. 
Gen* Ass, Berkeley. Inter. Ass, ScL Hydro, 
Publ. 62, 134-142. 

BOWEN J, S, , 1926. The ratio of heat losses 
by conduction and by evaporation from any 
water surface. Phys. Rev, 27, 779-787. 

BROW N K. W. and ROSENBERG N, J, , 1973, 

A resistance model to predict evapotranspi- 
ration and its application to a sugar beet 
field. Agron. J. 65 (3), 341-347, 

BRUTSAERT W. and MAWDS.LEY J.A, , 

1976 . The applicability of planetary boundary 
layer to calculate regional evapotranspiration, 
Water Resources Res, 12, $52-359. 

CARLONI E, , TASSONE G. and TOSELLI F. , 
1981. Actual evapotranspiration of a grass 
field in southern Italy, Applications and vali- 
dity of an agrobioclimatological model, Tech- 
nical Note No, 1 . 06. 1 0. 81 . 52, JRC, Ispra. 

CHOIS NEL E, , 1977. Le bilan d’energie et 
le bilan hydrique du sol. La meteorologie, 

No. special “Evapotranspiration", Vie Se- 
rie, No. 11, 108-159. 


DAIAN J, F* and VACHAUD G, , 1971, Me- 
thods devaluation du bilan hydrique in situ 
a partir de la me sure des teneurs en eau et 
des succions. Proc. IAEA-FAO Symp, 
“Isotope* and radiation in soil-plant relation- 
ship including forestry", Vienna, Dec, 13-17. 

DEJACF J, , MEGIER J, , KOHL M. MA- 
RACCI G. , REINIGER P. , TASSONE Q f and 
HUYGEN J. , 1979. Mapping thermal inertia, 
soil moisture and evaporation from aircraft 
day and night thermal data. 13th Int. Symp. 
on Remote Sensing of Environment; Ann Ar- 
bor, USA, 23-27 April, 1979. 

GREGOIRE J. M. , 1980. Determination de 
1’evapotranspiration d'un couvert vegetal 
herbace et de l’humidite de surface du sol; 
Apport de la teledetection. These 3eme cycle, 
Univf rsite Louis Pasteur de Strasbourg. 

Jan. 1980, 164 pp. 

HLAVEK R. et al. , 1 974. Essai d’estimation 
de I’evapotranspiration reelle a I’echelle du 
bassin versanti considerations theoriques et 
applications pratiques. Bull. AIMS, 19 (4), 
449-485, 

HUYGEN J, , 1979a. Further developments of 
the TELL -US model; I. An implicit finite 
di; ference. scheme for the numerical approxi- 
mation of the ground heat flux* Tellus News- 
letter No. 11, JRC, Ispra, 8 pp. 

HUYGEN J. , 1979b. Further developments of 
the TELL- US model; II. A simple algorithm 
for estimating the actual and potential evapo- 
transpiration of vegetated surfaces fir om one 
remotely sensed surface temperature near 
the daily maximum. Tellus Newsletter No. 1 1 , 
JRC, Ispra, 8 pp. 

HUYGEN J. and REINIGER P. , 1979. A test 
of the TELL -US model for the conditions of 
the Grendon Test Site (JFE/UK - 1977). Tel- 
lus Newsletter, No. 8, JRC, Ispra, 1 6 pp, 

IDSO S. B. , JACKSON R. D. and RE GINA TO 
R. J, , 1978. Remote sensing for agricultural 
water management and crop yield prediction. 


37 


Agric, Water Manage, i li 229*310, 

JACKSON R,D M REGINA TO R. J, and IDSO 
S, B M I 977 , Whet' t canopy temperature* a 
practical tool for evaluating water require- 
ments. Wat. Resources Res. Vol. 13 (3), 
651*656. 

KEIJMAN I.Q. and DE BRUIN H.A.R. , 1979. 
A comparison of measured and calculated 
temperatures of a grass covered surface, 

5th European Geophysical Society Meeting, 
Vienna. 

KLAASSEN W, , 1979. Resistance for sensible 
heat flux of vegetation as derived from radio- 
metrically measured crop temperatures, No- 
ta 1067, ICW, Wageningen, The Netherlands, 

KLAASSEN W. and ROSEMA A. , 1979. Ge- 
neralisation of the TELL-US model to vege- 
tated surfaces. EARS, Delft, The Nether- 
lands, Report to the Commission of the Euro- 
pean Communities, Joint Research Centre, 
Ispra, under contract no, 943-78-1 0 SISPN, 

18 p. 

MALET Ph. and GUYOT G. , 1978. Principes 
de determination des systemes culturaux et 
de leur potential de production par teledetec^ 
tion, Proc. Int. Symp. Remote Sensing for 
Observation and Inventory of Earth Resources 
and the Endangered Environment. July 2-8, 
1978. Freiburg. Vol. Ill, 1665-1670, 

MENENTI M. , 1980, Defining relations be- 
tween surface characteristics and actual eva- 
poration rate. Tellus Newsletter No, 15, JRC 
Ispra, 21 pp, 

MONTEITH J.L, , 1973. Principles of En- 
vironmental Physics. Edward Arnold (Pu- 
blishers) Ltd, , London, 241 pp. 

MORTON F, I. , 1975 , Estimating evapotrans- 
pi rat ion from climatological observations, 
Appi. Mete or ol. 14, 448-497, 

NIEUWENHUIS G, J. A, and KLAASSEN W, , 
1978. Estimation of the regional evapotrans- 
piration from remotely sensed crop surface 
temperature. Part I: Grass land* Tellus 


Newsletter No. 2* JRC, Ispra, also Nota 
1055 ICW, Wageningen, 21 pp, 

NIEUWENHUIS G, J, A, , MENENTI M, and 
FEDDES R. A, , 1980, Soil moisture and heat 
budget evaluation by remote sensing (TELLUS 
Project). Report of ICW, 13 pp. 

PERRIER A. , 1977. Pro jet de definition con- 
cernant Fdvapotranspiration en fonction de 
considerations theoriques et pratiques. La 
meteorologie, Vie Serie, No, 11, 7-16. 

PERRIER A, , ITIER B. , BOISSARD P. , 
GOLLLOT C. , BELLUOMQ P, and VALERY 
P. , 1980, Etude des temperatures radiome- 
triquesi fluctuations, repartitions, signifi- 
cations. Tellus Newsletter No, 13, JRC, 

Ispra, 34 pp, 

POUQUET J. and RASCHKE E. , 1968, A pre- 
liminary study of the detection of geomorpho- 
logical features over northeast Africa by 
satellite radiation measurements in the visible 
and infrared. NASA, TND. 4648. 

PRICE J, C, , 1980. On the atmospheric cor- 
rection to satellite thermal infrared measure- 
ments. Communication to HCMM investigators, 
Goddard Space Flight Center, Maryland. 

RADMUSSON E. M, , 1977. Hydrological appli- 
cation of atmospheric vapour flux analysis, 
WMO Operational Hydrology. Rep. 11, 50 pp. 

REINIGER P. , HUYGEN J. , MEGIER J. and 
SEGUIN B. , 1 981 . Estimates of regional e- 
vapotranspiration in south-eastern France 
using thermal and albedo data from the Heat 
Capacity Mapping Mission satellite, 1st The- 
matic Conference*. Remote Sensing of Arid and 
Semt-Arid Lands' 1 , Cairo, Egypt, Nov, 1981. 

ROSEMA A. and BIJLEVELD J. H. , 1977. Test 
of algorithm (or the determination of soil 
moisture and evaporation from remotely sen- 
sed surface temperatures. EARS, Delft, The 
Netherlands, Report to the Commission of the 
Eur ope an Co mm uni tie s , Jo int Res earch Gen t r e , 
I s p ra , under con tract no. 752 .. 77-08 S IS PN , 

33 p. 


ROSEMA A. f BIJLEVELD J.H., REINIGER 
P. , TASSONE G* , BLYTH K. and GURNEY 
R. J* # 1978. "Tell-us", a combined surface 
temperature, soil moisture and evaporation 
mapping approach* 12th Int. Symp. on Re- 
mote Sending of Environment, Manila, Phi- 
lippines, 20-26 April, 1978* 

RUSSO D, and BRESLER E. , 1980, Scaling 
soil hydraulic properties of a heterogeneous 
field, Soil Sci, Soc* Am. J . 44, 681-684* 

SEGUIN B, , 1978a, Modelisation des echanges 
d'energie et de masse a ['interface- sol- 
atmosphereJ problemes poses par [’extension 
des modeles locaux a I'echelle regional 
(100 km), Seminaire de I'ASP "Evolution des 
Clirnats", Paris, 11-12 December, 19 pp* 

SEGUIN B, , 1978b. Estimates of regional ET 
from HCMM datat Summary of 1977 experi- 
ment and final arrangement for 1978 in South- 
eastern France Test Site. 2nd Meeting of 
Tellus Project Working Group II, Wallingford, 
February 21- 22, 1978. 

SEGUIN B, , 1980. Determination de l'evapo- 
transpiration reelle ETR dans les bilans hy- 
drologiques par teledetection en thermogra- 
phie infrarouge. Bull. Sci, Hydrol, 25 (2), 
143-153. 

SEGUIN B. and PETIT V. , 1980. Utilisation 
de la thermographie infrarouge pour Pestima- 
tion de ['evaporation; Analyse critique des 
resultats de mesures sur le site de la Crau. 
Tellus Newsletter No. 16, JRC f Ispra, 12 pp, 

SIMMONS C. S. , NIELSEN D. R. and BIGGAR 
J. W. , 1979. Scaling of field -measured soil- 
water properties* I, Methodology II. Hydrau- 
lic conductivity and flux, Hiigardia 47 (4), 
77-173. 

SOER G, J, R. , 1977. The TERGRA model - 
A mathematical model for the simulation of 
the daily behaviour of crop surface tempera- 
ture and actual evapotranspiration. NIWARS 
PubL No. 46, Delft, The Netherlands, 44 pp. 

SOER G. J.R. , 1980 . Estimation of regional 


evapotranspiration and soil moisture condi- 
tions using remotely sensed crop surface 
temperature, Rem. Sensing of Env. 9, 27-45* 

STANHILL G. , 1970, Some results of heli- 
copter measurements of the albedo of diffe- 
rent land surfaces. Solar Energy 13, 59-66. 

STONE L, R. and HORTON M. L. , 1974, Es- 
timating evapotranspiration using canopy tem- 
peratures* Field evaluation* Agron. J. 66, 
450-454. 

THOM A, S* | 1972, Momentum, mass and 
heat exchange of vegetation. Quart* J. Royal 
Met. Soc- 98, 124-134, 

THOM A. S, and OLIVER H.R. , 1977* On 
Penman 1 * equation for estimating regional 
evaporation* Quart. J. Royal Met, Soc. 103, 
345-357. 

VAN DER PLOEG R. R. , BEESE F, and 
BENECKE P. , 1976. Simulationsmodelle 
von Wald-Okosystemen* Wasaer* Verhand- 
lungen der Gesellschaft £Ur Okologie, Gdt- 
tingen, 1976, p, 29-41, 

WALES -SMITH B. G. and ARNOTT J. A. , 

1979. The rainfall and evaporation calcula- 
tion system used in Great Britain. W. M. O. 


Parti 


2. Field Operations. Data Acquisition and Analysis 


ftAFMn 

Insliluui vor Cultuurttcrmitfc #n w»l«f huisbouding 
WwnHMjtn, Nt<fr riant* 

P Rtlntyrt, pnysic* Division 
G*T#si0fl#, F.Toffjll, eiscironics Division 

Commission of the Europt an Communities, Joint B««e*ch Centre, J jpre, Italy 


ORIGINAL PAGE IS 

OF POO® OUAUTY 


Field operations carried out on various test- 
sites had the purpose of testing the algorithms * 
to be used for the interpretation of HCMM data. 
The data collected by the JRC and the Coin- 
vestigators served to prepare the necessary 
data processing routines and acquainted the 
co-investigators with handling and interpre- 
tation of this type of data. 

Field operations were of two kinds; 

- flight experiments involving both airborne 
and ground-based measurements of a dura- 
tion of a few days, 

- continuous field measurements lasting a num- 
ber of weeks or even one month. 

Flight Experiments 

Five campaigsn took place at the request of 
national Coinvestigators, While the Dutch 
flights were organized by the National Insti- 
tutes, the U, K, , French, Italian and German 5 
flights were Joint Flight Experiments (JFE) 
with the participation of both National Insti- 
tutes and the Joint Research Centre. 

The Netherlands 

(Instituut voor Cultuurtechniek en 
Waterhuishouding, Wageningen; Koninklijk 
Nederlands Meteorologisch Instituut; De Bill) 


1. Description 

Flights with an airborne MSS having 10 chan- 
nels between 0. 38 and 1. I pm and one thermal 
infrared channel from 8-14 pm were performed 
over two areas. The first area, located in the 
Lopike rwaa rd (51° 38 ' N, 4° 55 * E) consisted 
mainly of grassland on clay soil. The second 
area v situated in the Ussel Lake Polder 
(50° 13/N, 7° 3'E) and was occupied by va- 
rious agricultural crops, especially wheat, 
sugar beet and potatoes. The soil was a silty 
clay, 

Flight altitude was 1 ZOO m resulting in 2, 5 x 
3 m resolution elements on the ground. The 
flights were carried out at the maximum of the 
daily temperature amplitude between 12 and 
14 h solar time. The dates were May 15, June 
14 and August 31, 1977 for the Lopike rwaard 
and May 17 and June 14, 1977 for the Ussel 
Lake Polder, 

The purpose of the flights was testing of the 
TERGRA model for evaluating ET and soil 
moisture from crops surface temperatures. 
Details of the operation, as well as a descrip- 
tion of the instrumentation on the ground is 
given in TELLUS NEWSLETTER No. 2 f\ J. 


2. Remit, awl Concluilan,. 

On thermal scanner images the relation scan 
angle/sun angle considerably influenced the 
temperature measured, 

For grassland, as well as for wheat, calcula- 
tlon of evapotrano pi ration from remotely sen- 
sed surface temperatures only Was unreliable. 
Crop (wheat) temperatures simulated with the 
TERGRA model were higher, by a few degrees, 
than measured temperatures. 

Franca 

(Joint Research Centre, Ispra; Instftut National 
Recherches Agronomiques, Station Avignon; 

Institut National Recherches Agronomiques, 

Service T6l6d6tectlon, Versailles) 

1, Description 

A Joint Flight Experiment (JFE/F ranee) was 
carried out on Sept, 30, 1977 on the French 
test site of the Beauce along a flight axis of 
20 km centered on a point south of Chartres 
(48° 13'49"N, 1° 36 ' 01 "E). The flight axis 
crossed a mixed agricultural area covered 
mainly by corn, sugar beet, stubbie and bare 
soil* 

One experimental plot on wheat stubble was 
equipped for measurements of the energy 
balance. Surface temperatures were measured 
on the ground with a mobile PRT -5 infrared 
thermometer. 

Two flights at 1 700 m altitude were carried 
out along the same axis, the night flight at 
00. 52 h and the consecutive day flight at 13,05 
h local time, On-board instrumentation con- 
sisted of a 10 -channel Daedalus MSS, a Dae- 
dalus thermal scanner S-14 pm, a PRT -5 in- 
frared radiometer and a 4 -channel SAT ther- 
mal scanner. 

The purpose of the JFE was an investigation of 
the surface temperature distribution in various 


types of vegetation. Details of the operation 
including a description of the instrumentation 
are given in TELLUS NEWSLETTER No. 13, 

2. «mlt» »n4.„<?gnfihLflffM 
Surface temperature variations were found to 
be larger inside one crop than between various 
fields of the same crop. During the day, meteo 
rological data needed for the interpretation of 
remotely sensed surface temperatures should 
be obtained at exactly the same time as the 
surface temperature. 

Thermal data from this flight was used to si- 
mulate HCMM resolution over a mixed agri- 
cultural area. The result of this simulation is 
reported in TELLUS NEWSLETTER No. 1. 

United Kingdom 

(Joint Research Centre, Ispra; institute of 
Hydrology, Wallingford; Geography Institute, 
University of Leeds; Geography Institute, University 
of Reading) 

1 . Descripti on 

A Joint Flight Experiment (JFE/tJK) was carried 
out on Sept. 13 on the U. K, test site along g 
two flight axes of 10 km each. The first flight 
axis was over the Grendon- Unde rwood Experi- 
mental Catchment (1° W, 51° 53 ' N) composed 
of gently sloping land with fields of up to 1 5 ha. 
The second flight axis passed over the New- 
bury area (1° 44' W, 51° 20 'N) with fields up 
to 12 ha. Soils on the two sites ranged from 
brown calcareous soils and surface water 
gley to clays, Land-use was cropland (cereals) 
and grassland with some forest and market 
gardening. 

Grassland and bare soil were instrumented on 
the Grendon site, measuring points on arable 
soil, grassland and bare soil were established 
on the Newbury site. 

Two consecutive flights at an altitude of 1000 m 
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were carried out along the same flight path i 
A night flight between 04*25 and 05. 15 CMT 
and a day flight between 12.45 and 13. 55 GMT. 
On-board instrumentation consisted of a Dae- 
dalus DS-I25Q MSS with a thermal channel 
from 8-l4jum. A Darnee FRT-5 infrared 
thermometer coupled to a Hasselbiad camera 
and a RC-883 camera. 

The purpose of the JFE was acquiring expe- 
rience in the interpretation of thermal imagery 
of agricultural land surfaces. In particular! 
data were obtained to test the algorithms TER* 
GRA and TELL-US for the evaluation of soil 
moisture and evapotranspi ration from remotely 
sensed surface temperatures. 

2, Results and Conclusions 

The thermal and VIS-IR airborne MSS data 
obtained during the campaign were of excellent 
quality. They were used to develop data pro- 
cessing routines such as geometric corrections 
and the superposition of day and night images. 
They also served as data for speeding up the 
execution of the TELL- US algorithm and for 
testing the sensitivity of both the TERGRA and 
TELL-US model. 

An important part of this work has been car- 
ried out at the JRC-Ispra, Image Processing 
Labo rato ry . 

2, 1 TELL-US Model Application 
Soil moisture and evaporation was mapped by 
processing in the TELL-US model pixel by 
pixel values of day and night surface tempera- 
ture and albedo, together with ground data 
(e. g, surface roughness) varying field by field 
and meteoroiogic data (e, g, solar radiance, 
wind speed, air temperature) valid for the 
whole flight strip. To this purpose, a tabulated 
version of the algorithm was prepared which 
used multiple interpolations within tables to 
reduce processing time to a few msec per pixe 1, 


The scanner data wtr« first corrected for scan 
angle affect and for geometry to permit super- 
position of night thermal data on day visible 
thermal data (see Part 5, Ch. 3 C) ft]* 

Three types of thematic maps weft obtained 
representing thermal inertia, soil moisture 
and cumulative daily evaporation of bare or 
vegetated areas (bare soil, burnt and unburnt 
stubble, stubbie with some green shoots). 

Each of the three parameters had five to sevon 
classes of magnitude and was presented with 
a ground resolution of 2, 5x2.5 m, equal to 
that of the scanner data. 

It could be confirmed that a detailed mapping 
of thermal inertia, soil moisture and cumula- 
tive daily evaporation was possible using a 
complex model like TELL-US. Obviously, the 
data processing scheme developed is indepen- 
dent of the intrinsic performance of the model 
and each further improvement of the latter will 
bring some corresponding improvement of the 
thematic maps produced. 

The comparison with measured soil moisture 
values suffers from experimental uncertainties 
but it seems to. indicate a tendency to under- 
estimate soil moisture content. Direct mea- 
surements of evaporation were not available 
at Crendon, but independent calculations of ET 
agree, within 10?*, with the values obtained by 
TELL-US. In inhomogeneous areas, like burnt 
stubble, where temperature, albedo and sur- 
face roughness vary considerably in space, 
these variations tend partially to mask the 
smoother evolution of moisture and evapora- 
tion, 

Figs. III. 1, 14 to 22 a re di splays of mapped te m pe ra 
tures, albedo, cumulative daily evaporation, 
soil moisture and thermal inertia for the over- 
flown area of Grendon, U» K. [ 

An analysis of the sensitivity of the TELL-US 
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model to various input parameters and to the 
value of the soil heat capacity used in the me* 
del was presented in TELLUS NEWSLETTER 
No, 8, In calm air, as often found at night, 
the variations in air temperature due to topo* 
graphy and ground -cover may have an impor* 
tant influence on the thermal Inertia calculated 
with the TELL-US model. 

2, 2 TERGRA Model Application 
A sensitivity analysis of the model carried out 
for the grassland site at Grendon showed the 
model not to be sensitive to soil parameters at 
the soil moisture range found on the site. 

Cumulative daily evapotranspiration agreed, 
to within \0% t with ET calculated from Bowen 
ratio measurements on the Newbury site. The 
same agreement was found between calculated 
and measured soil moisture on grassland, 

2, 3 Spectral Reflectance 
The spectral reflectance in the four Landsat 
bands was measured on the ground on four sur- 
faces during the flight. The surfaces were bare 
soil, stubbie, grassland and burnt stubble, 
These reflectances were compared with the 
airborne MSS measurements, 

At l owe r wavelengths good agreement was 
found between airborne and ground measure 
reflectance factors. At higher wavelengths, 
especially on grassland, there was an in- 
creasing discrepancy between the two mea- 
surements. A systematic error in the calibra- 
tion of the airborne nuiltispectrai scanner 
seem s to be largely responsible for this dis- 
crepancy, 


Italy 

Joint Research Centre, Ispra; CSATA, Bari; 
Institute of Agronomy, University of Bari; Institute 
of Agronomy, University of Florence; Institute of 
Physics, University of Bari; UCEA, Ministry of 
Agriculture, Rome; LAREV, Conslglio Nazionale 

dalle Rlcorche, Rome) 

#* 

Description 

The first Joint Flight Experiment after the 
HCMM launch was carried out on July 1979 
on an area of 2 x 3 Km of a semiarid region 
along the Joanian coast (Slbari, Southern 
Italy; 39°N, 16°E), The area investigated, 
parcelled in fields of 3 ha each, is flat and 
devoid of trees, bushes and buildings. The 
general texture of all the profiles is silty 
loam with increase of the clay fraction in 
depth. There is no superficial water table. 
The purpose of this experimental campaign 
was to investigate on the possibility to use 
air-and- space remote sensing as a help to 
evaluate quantitatively evaporation (and soil 
moisture) in semi-arid lands referring to 
local types of soil and vegetation. The vse of 
models such as TELL-US and TERGRA (or 
similar) which were preliminary tested du- 
ring the preceding Dutch and Britain flight 
experiments, was considered, having in mind 
to obtain possibly some handy particular al- 
gorithms. 

The flights were performed at three different 
altitudes (500 m, 1000 m, 3000 m) on two con- 
secutive days (July 30 and 31) at a 14 and 3 
hrs respect., nearly corresponding to the 
HCMM overpasses. The aircraft (Dornier 
28 D2) was equipped with an i 1 -channel MSS 
Bendix, a Zeiss RMK camera for FC photos 
and a PRT-5 radiometer, General weather 
conditions were very good with no haze be- 
fore sunrise. 

Ground measurements were taken on two 
sugar-beet fields and on two bare soil fields 
with different moisture contents, Heat ba- 
lance components were measured continously 
and data logger- recorded before, during and 
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Fig. III. 1.14. Mapped mght 

tQres. ordinal data Range of variation 

0 C- 18 C (radiative values) 


Fig. 1 1 1.1. 15. Mapped night tempera* 
hires Data geometrically corrected 
The transformaton is visible through 
the grid deformation 


Fig III. 1.16. Mapped da ^ tempera- 
ture Range of variation 8 C 44 C 
(rad*ative values; 


Fig. Ill 1.17. Mapped albedo values 
Range of vanaton 0 02 0 20 m the 
investigated fields 
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after flights. VIS-NIR and IR radiometric 
measurements were taken during the over- 
flights on a regular array of prefixed spots 
by two separate teams using portable in- 
struments (EXOTECH 100 and PRT-5). Soil 
moisture contents were then determined by 
weighting soil samples taken on each field at 
different points and depths. 

To take into account atmospheric effects, a 
calibration panel of 10x1 0 m was built (see 
Fig, III. 1. 23). Its known optical behaviour 
was continuously monitored both in the VIS- 
NIR and IR bands by means of three radio- 
meters on ground. 

Details of the operation including a descrip- 
tion of the instrumentation are given in Pro- 
gress Report No. 2. 

Re suits 

The MSS data were pre processed to correct 
for geometric distortions, atmospheric 
effects and emissivity and to superpose 
thermal day-to-night images. 803 samples 
and 1536 lines, taken from the 1000 m-high 
flight line were utilized having a resolution 
on ground of 2. 5x2.5 m 2 at nadir sub-point. 
The "Sigmoid curvature" was corrected by 
tabulating the geometric transformation and 
resampling with the "nearest neighbouring" 
technique which allowed to maintain the same 
input radiometric values. Fifty ground points 
of the same targets in the two images were 
selected with an iterative procedure by uti- 
lizing the flickering option between the two 
images to be registered. Taking the day 
image as a reference, the coefficients of a 
cubic polynomial function were derived and 
used for the transformation of the night 
image. 

As a first step, to obtain soil real tempera- 
tures, thermal data were corrected for the 
atmosphere absorption using an empirical 
approach consisting in calculating the differ- 
ences between the radiative temperatures of 
th* panel and soil, given by the two local 
mounted PRT 5 radiometers , and the cor- 


responding MSS temperature. A curve giving 
temperature corrections versus ground tem- 
peratures was so obtained (see Fig, III. 1. 24). 
It showed to be in good agreement with the 
simplified Becker's model results. For Hie 
conversion of radiative temperatures into 
real temperatures, an emissivity mean value 
of 0. 965 was used. 

To produce thematic maps ; the TELL-US 
model was used which calculates, for a given 
set of agro-meteorological parameters, a 
look-up table (see Fig. III. 1.6). A search and 
an interpolation must be carried out if ther- 
mal inertia (THI), surface relative humidity 
(SR IT) and cumulative evaporation (CE) are 
needed for values of T max> m * n other than the 
30 ones provided by the look-up tables. As 
the controlled soil fields at Sibari were com- 
posed by 5480 pixels, a faster procedure was 
adopted by using the following relationship 


EC 

THI 

SRU 


+A,T 7 ' +A,T . +A.T 2 . ' 
max c max 3 mm 4 min+Ag 


whose coefficients were calculated by a least 

square multiple regression analysis. The 30 

values contained in each look-up table were 

fitted and correlation coefficients better than 

0, 996* were obtained. THI, SRU and CE were 

then built into image form knowing T _ . 

0 0 max, min 

for each pre proce ssed pixel. The pixels of 
the wet and dry fields were identified analy- 
sing the T max histogram which showed a bi- 
modal distribution corresponding to different 
hydrolog ical conditions. 

Highest frequency values were found to be at 
a 42. 5°C and 37 °C resp. for the dry and wet 
fields with very low variances. Frequency 
values near zero resulted to be at 39°C. They 
were then adopted to discriminate between 
pixels of the two fields. 

Conclusions 

The results obtained proved that the procedure 
adopted allows mapping of soil thermal inertia 
and evapatranspiraiion using air remote sensed 


data. Ground measured data* still necessary 
at this stage of modelling and interpretation, 
burdens heavily the work; when not available 
it would make quantitative evaluation almost 
impossible. The importance of thermal re- 
mote sensing data results to be confirmed to 
provide useful qualitative information on soil/ 
plant status over large agricultural areas. 

An extension of the investigation on the appli- 
cability of the models with HCMM data could 
not be performed because no HCMM imagery 
was available from NASA/GSFC in spite of 
the priority coverage requested. 
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Germany 

(Joint Research Centre, Ispra; Institut fur 
Bodenkunde und WaldernShrung, Unlversitat 
Gdttingen; Bundesanstalt fur Geowissenschaften 
und Rohstoffe, Hannover; Institut fOr Meteorologie 
und Limatologie, Unlversitat Hannover; Institut ftir 
Pflanzenbau und Pflanzenzfichtung, Universitat , 
Gdttingen; Nledersdchsisches Landesamt fur 
Bodenforschung, Hannover; Systematisch- 
Geobotanisches Institut, Universitat Gottingen; ZAF 
von Deutscher Wetterdienst' Braunschweig; 
Department of Geography, University of Leeds; 
Department of Geography, University of Reading; 
Institute of Hydrology, Wallingford) 

Description 

The campaign in West Germany, 3 - 27 June 
1979, concluded the Joint Flight Experiments 
o£ the TELLUS Project. It was carried out at 
Pattensen (52°l 5'N), near Hannover on a 
5x4 Km large agricultural area (nearly 70 
HCMM satellite pixels). This test area offers 
many favourable features with respect to 
water and energy budget evaluation. It is ra- 
ther parcelled out: the individual fields have 
an average size of nearly 7. 5 ha and the land 
shows practically no relief in an open land- 
scape without trees, bushes and buildings. 

The soils, which are developed in a pleisto- 


cenic-loetn layer of nearly 2 m thick, are 
quite homogeneous. The water table is at a 
depth of 2-3 m. 

The original purpose of this experiment was 
to collect some comprehensive sets of con- 
current apace, air and ground data over a 
wide agricultural area which would be suffi- 
ciently homogeneous on the HCMM resolution 
point of view. This would have enabled TEE- 
LUS to test the existing evapotranspiration 
(and soil moisture) algorithms at HCMM scale 
and to perform some scale effect studies. 

At the moment of the flight experiment about 
2/3. of the test area was covered with cereals 
(wheat and barley) and i/3 with sugar-beet. 
Seven fields were choosen by Coinvestigators 
for detailed agrometeorological, radiometric 
and soil measurements. One test plot was lo- 
cated in a bare soil field. As test plots some 
either wheat, barley and sugar-beet fields 
were selected. Moreover an irrigation pond 
was specifically monitored during the flight 
time to be used as a calibration surface for 
the aircraft MSS data (see Fig. III. 1. 25). 

The campaign was characterized by a conti- 
nual atlantic perturbation. Nevertheless the 
aircraft experiment .could regularly take place 
in clear weather conditions on June 21 from 
12, 30 to 14. 30 hrs and on June 22 from 1.58 
to 3,11 hrs. The aircraft utilized was an Air- 
commander Twin. Flight altitudes were near- 
ly 500, 1000 and 3000 m resp. The on-board 
remote sensing equipment consisted of an 
11 -channel MSS Daedalus and a Zeis MRK 
camera for FC photos. 

Details of the operation, including description 
of the instrumentation and experimental data 
are given in Progress Report No. 3. 

Results and conclusions 

A - 

The air flights were performed corresponding 
to two day/ night consecutive HCMM overpasses 
Unfortunately, still in this case, the full 
satellite switch- on was not obtained. Never- 
theless, despite the interest of such last cam- 
paign has rather fallen off, processing and 
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interpretation of data is going to be performed 
by Coinvestigators at lower priority level. 

The data have been treated for heat transfer, 
roughness determination and Bowen ratio. 

In spite of the instability of weather condi- 
tions during the experiment, the resulting 
thermal inertia values are in good agreement 
with soil moisture measurements (gravimetric 
and tensiometric) and the evaporation values 
are in agreement with those calculated out 
of the heat budget. 

The application of the model for bare soil 
(TELL-US) is then expected to confirm that 
the agreement with the experimental data is 
good and can lead to the production of the 
thematic maps at a larger scale. 

Continuous Field Mtasuromont Campaigns 

Among the field measurement campaigns 
carried out by TELLUS coinvestigators, three 
of them can be considered as long term ones. 
The first two, organized by INRA Montfavet, 
covered the period July - October 1978 and 
April 1979 - March 1980 and are extensively 
reported in Chapter 1. The third campaign 
is described hereunder. 

Italy 

(Joint Research Centre, Ispra; Institute of 
Agronomy, University of Bari; CSATA Bari) 

The JRC, Ispra organized this long term 
field campaign at Policoro, Basilicata 
(Southern Italy, 40°1 3 5 N; 16°40'E) in an ex- 

perimental farm (nearly 45 ha) of the Uni- 
versity of Bari. The Policoro soil can be 
classified as a silty- clay- loam soil of good 
structure with water table at a depth greater 
than 2. 5 m. 

Measurements were taken continuously from 
June 24 to July 21, 1978, on a 60 x 60 m 
field very densely covered by grass. The 
field was subdivided into two sections sub- 
mitted to different irrigation regimes. 

The aim of this campaign was to check in 
semi-arid regions the evapotranspiration 


model*, which had been previously tested in 
Middle European humid conditions, as those 
at Grendon Underwood (JFE/UK). A complete 
set of ground instrumentation was installed 
(see Fig. III. 1.26 and Table III. 1 . 9). Sen- 
sors were connected with data logger and 
tape recorder. Measurements were taken 
every 10 minutes. 

Results and conclusions 

The model used (TERGRA) confirmed to un- 
derestimate ( 16%) the evapotranspiration as 
compared with the Bowen ratio and to syste- 
matically overestimate the grass temperature 
during the period of maximum evapotranspi- 
ration, which ranges 7. 30 - 1 9. 30 hrs. Within 
the Policoro area the air temperature was 
nearly continually higher than the crop tem- 
perature. The Bowen ratio showed that eva- 
potranspiration ET is higher than the net 
radiation R^. This trend was confirmed by 
direct measurements of R^ and sensible heat 
flux H (via wind speed and Businger-Dye rela- 
tionship) showing that H contributed signifi- 
cantly to the ET process, 

A sensitivity analysis was carried out aimed 
at explaining such behaviour of TERGRA, It 
was found that the soil parameters were un- 
influential on the Policoro conditions (soil 
moisture at potential ET) and that measure- 
ment accuracy of some other' parameters (i.e. 
air temperature (wet/dry), solar and long 
wave radiation and wind speed) ruled out their 
responsibility on those temperatures 1 discre- 
pancies. It appeared clearly that crop and 
aerodynamic resistances brought up crop 
temperature values and that the model indi- 
cated a water stress status (never observed 
in Policoro) bringing consequently to a re- 
duced evapotranspiration* F rom calculations 
on Policoro conditions, a difference of 3°C 
in crop temperatures would bring a AET = 20%, 
It resulted also that crop temperature values 
calculated by means of TERGRA might lead 
to a considerable error in ET estimation. 
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F»g III. 1.23 Joint Flight kup^nnwit, ^ilxjri 1*J/U. Aerial view from the 500 m altitude of the bare toils fields: 
1) 10 k 10m 2 calibration panel. 21 dry; 3) wet field parti 
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Fig.HI. 1.25. Joint Flight Experiment, Pattenwn 1979 View of a part of JRC's ground instrumentation on arable land i he radio- 
meters group (EXOTECH 100 end PRT 6) end an iirmomrte * pole art visible on the tides. The day logging ty item it lodged m 
the ven visible on the background 


P «g.lll. 1 2b Long term mea*j reme nt campaign at Policoro. 1979 One of the two radiometers assemblies stands ou* 
on the background Installations of albedometers. net radiometers and tensiometers are visible on the grass 
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TABLE HI, 1.9. Poiicoro campaign, Lilt of paramatert measured on ground and Instrumtntatlon 

Meaaurtd parameters 

Invtiumants 

MICROMETEOROLOGY 

* nat radiation (1m) 

* shortwave Incoming radiation (1m) 

* longwave incoming radiation ( 1 m) 

* albedo dm) 

* wind velocity (2m) 

* piycromatry (0.4 n\ 1.5 m) 

* air pressure 

* evaporation 

net radiometer 
solarimawr 

net radiometer with cup 

albedometer 

anemometer 

psycrometar 

barometer 

cla« A pan evaporimeter 

RADIOMETRY 

• reflectance (VIS + NIRIFOV 20® on a S m me»t 

* crop temperature (TIR)FOV 20 on iSm mast 

radiometer 

radiometer 

SOIL 

a) Field measurements! 

• humidity (various depths) 

• temperature profile (till 50 cm depth) 

• heat flux {*4 cm, >1 Ocm) 

tensiometer, sampling 
thermocouples 
heat plates 

b) Soli physical properties! 

* density 

* pF curve 

* pacific heat 

* granulometry 

* organic matter 

* heat diffusivity and conductivity 

* water conductivity 

laboratory 

techniques 

on field 

VEGETATION 

* roots distribution 

on field 


Part 2 • Effects of Topography, Soils and Land-Use 
on Surface Temperature Distribution 


1. The Influence of Topographic Structures 
on Night-Time Surface Temperatures in the 
South of Germany 


A. Processing of HCMM-Satellite Thermal 
Images for superposition with other 
Satellite imagery and Topographic and 
Thematic Maps 

H Gossmarm 

G*ograpbi«chts Institut der Universitft Freiburg, Deutschland 
P HifeefslCkif 

DFVUR, Institut Ibr Nachrichtentechnik, Oberptaffenhofen, Deutschland 


Introduction 

The topics of interest for the utilization of the 

HCMM imagery taken over the German test 

sites were the following: 

- Connection between the patterns of surface 
temperatures respectively day/night tempe- 
rature differences and the geographic reality 
of various natural surfaces with a different 
physical constitution (forests, farmland, 
settling areas, etc, ) by comparison with al- 
ready available special maps mainly in the 
scale 1 i 1 , 000, 000. 

- Correlation between surface temperatures 
or their variations and the nature of surface 
coverage. 

- Analysis of the influence of altitude, topo- 
graphic situation and regional meteorologic 


conditions on the temperature of surface ele- 
ments of the same kind. 

- Thermal behaviour of different regional units 
in Southern Germany. 

Objectives 

Two questions, both of primary importance for 
the application of HCMM-image material with 
regard to the above mentioned goals, were 
examined: 

1) how exact a regionally bounded HCMM-scene 
can be rectified with respect to a pre-assigned 
coordinate system (in this case the Gauss - 
Kriiger System for the official maps of the 
Federal Republic of Germany)# 

2) Related to this problem is the question of the 
scale to which excerpts from HCMM-data can 
be sensibly enlarged or, conversely, how 
large natural topographic structures must be 
in order to be identified accurately in a satel- 
lite thermal image. This information is a pre- 
requisite for all evaluations in which HCMM 
data are related to terrestrial observations 

or measurements. 

Furthermore, a procedure was set up to super- 
impose computationally point by point the HCMM 
image data with other information, especially 


relief and forest and population distribution 
maps, but also with a land-use map, which had 
been derived from Landaat data. Here it is 
necessary, on the one hand, to digitize the 
maps and to rectify them, likewise with respect 
to the Gauss -KrUger coordinate system, and, 
on the other hand, tc combine the various in- 
formation levels in a single multi-channel data- 
atructure. The consequent requisite methodo- 
logical steps and the accompanying difficulties, 
as well as some evaluations of the resultant 
data-structures, are presented below, 

Tht Am undtr Investigation 

For this study a section was chosen from the 
southwestern part of Central Europe between 
the cities of Basel and Frankfurt (Fig.III.2,1). 
This section comprises the so-called Upper 
Rhine Valley and the surrounding highlands. 
There are several reasons for this choice; 

Both sides of the Rhine river are exemplified 
by a variety of landscape types: the holocene 
flood plain with residual forests} the intensely 
cultivated quarternary accumulation plain, 
interspersed in some places with forested 
sand and gravel terrain, the orchards and 
vineyards of the foothill zone; the strongly dis- 
sected forested ascent to the mountainous 
flanks of the Graben; forested plateaus, ex- 
tending away from the Upper Rhine Valley and 
divided by large valleys, and which on the side 
away from the Rhine are bounded by a well- 
marked rock formation and thereafter replaced 
by a relatively unforested farm landscape. 

In the following, the area in question will be 
considered as a whole as well as in some of 
it s pa rt s , Th ese parts co r r e spo nd to the 
sheets of the official maps of the Federal Re- 
public of Germany, scale 1 ; 200, 900 (T UK 
200; Fig lXL 2*1), 


As the result of a study on the evaluation of 
Land sat data for the pre pa ration of land -use 
data to be Used In regional planning, there is 
already available a digital map of the Mann- 
heim area with the territory classified into 
eight land-use classes. This allows a direct 
combination with HCMM data. 

Flights carried out in 1976 by the German 
Aerial Surveying Program made available day 
and night thermal images for several sections 
of the area in question* These images can also 
be combined with HCMM data* 

Data Bata 

Maps 

Of all the types of existing thematic maps 
showing distribution patterns of specific phe- 
nomena, two are of special interest with re- 
gard to superimposing with satellite images* 
The first type is the distribution pattern of 
land -use types, in which the illustrated area 
is composed of "sub-surfaces", each class of 
sub-surface representing a particular geogra- 
phic quality, as is the case with land -use maps 
The binary distribution maps of a land -use 
category (binary mosaic map), such as those 
for forest distribution or the distribution of 
tilles or settled acreage in a given area, are 
special cases of this type. 

The second map-type is comprised of the iso- 
line representation of a continuum, i, e, , of 
a continuous field which fills the observed 
area, as e. g. the contour representation of 
land forms. On the other hand, maps con- 
structed on the basis of a network of linear 
elements, such as the network of rivers, 
steams, lakes, etc., of an area, can only be 
used for orientation purposes or as a frame- 
work of reference, since, because of the ex- 
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Content! 

Type 

Scale 

Source 

Relief 

contour map 

1 7 000 000 

Hydroiogicel 
map of the 
f«G 

forett Oit 

binary motaic 

1 2 000 000 

Hydrological 

tnbuton 

map 


map of the 
FRG 

Urban built 

up areet 

binary motaic 
map 

1 1 000.000 

F MG in map* 

Water 

network of Ik 
near element! 

1 7 000 000 

Hydrological 
mao of the 
FRG 



F«g 1112 1(a) Land utr map of TUK 200 CC 71 10 (Mannheim) derived from Lendtet data 
The image thorn the retultt of the tfauif nation with an overlay of the topographic map 
Meaning of aolourt dark red city, red miHtd urban or bunt up land h^t green orchard! 
and pat tore yellow agricultural lend violet vineyard! blue water, dark green coni 
ferout forett. and green deciduout forett 










traordinary broadness o£ the line, the image- 
elements which appear on the map as water 
bodies must not necessarily represent water 
in the satellite image, too. 

One example of each of these two map-types 
was selected for the inve stigation (Table III. 2.1, a). 
In choosing an appropriate scale the geometric 
resolution of the satellite thermal-image was 
the decisive factor. Assuming the smallest 
possible size of the map-elements to be 0. 3 
x 0. 3 mm, the pixel size of 600 x 600 m cor- 
responds to a scale of 1 f 2, 000,000, There- 
fore, in the digitalization maps of the scale 
1 ; 1, 000, 000 and 1 : 2, 000, 000 were employed. 
Fig.III.2.2 shows, as an example, the forest 
distribution map which was used in this study. 
The relevant sheets of the Topographical Map 
of the Federal Republic of Germany, scale 
1 : 2,000,000 (TtlK 200, FigJILZ.l), servedas 
the basis for the geometric rectification and 
the fitting of the entire data-structure to the 
Gauss -Krtiger Coordinate System, 

LAHDSA T Image Sources 

As mentioned above Land's at image data were 
used as a further data base. Specifically, the 
data sources are two Landsat scenes of South- 
western Germany, the one dated 8/9/1975, 
the other 8/28/1975, both of which were geo- 
metrically rectified and adapted to the Gauss- 
Kr tiger coordinate system. Segments of both 
scenes were fitted together so as to form a 
mosaic which covers the map CC 7110 (Mann- 
heim, scale 1 : 200, 000), Each pixel of the 
rectified and GC 71 1 0 -fitted scenes describes 
a surface of 100 x 100 m^ (1 ha). The follow- 
ing 8 classes were established by multispec- 
tral classification: high-density urban built- 
up areas, low- density urban built-up areas, 
water, pastures and orchard s f tilled acreage, 
vineyards, deciduous forest and conife rous 


forest. The so classified scene is available as 
a data- structure which can be combined with 
other data sources. Fig. HI. 2,1 demonstrates the 
combination of the classified scene with the in- 
formation of the topographical map for the same 
region. In the present investigation the combi- 
nation was carried out using the infrared data 
of the HCMM satellite. 

Preparation of Auxiliary Data 
(Map Digitalization) 

Map digitalization was achieved by scanning 

6 x 6 cm slides with a DICOMED -Flying -Spot - 

Scanner (DIBIAS System). This system allows 

a resolution of the image in 1024 x 1024 pixels. 

Considering the extension of the Upper Rhine 

Valley and its surroundings, this results in a 

2 

pixel size of approx. 350 x 3 50 m , 

This resolution corresponds approximately to 
the accuracy of the map; 3 50 m = 0, 35 mm and^ 
0, 175 mm in scales of 1 ; 1 , 000, 000 and 1 : 

2, 000, 000, respectively. At the same time It 
is somewhat better than the geometric resolu- 
tion of the thermal-image. 

The digitizing of grey levels which appear on 
the maps presented considerable difficulties. 

It proved to be impossible to carry out the di- 
gitalization of a grey tone scale with more than 
two levels in one step. Furthermore, because 
of vignetting effects the binary black and white 
prints also show a strong distortion of the 
image contents. Using the relief map as an ex- 
ample, the solution to this problem is described 
in Part 6, Ch* 3, A, 

The maps representing the distribution of 
forests, built-up areas and rivers were digit- 
ized •similarly. Special mention must be made 
of the type of vignetting effect in the distribu- 
tion map of built-up areas and the correspond- 
ing correction procedure. 



Fig III. 2. 3. Result of the defalcation of different maos Superposition of the relief with the 
distribution-pattern of urban built-up areas and the river network 
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Afterwards all maps were fitted to the Gauss- 
Krtiger coordinate system and in this way to 
each other. This occurred according to the 
same procedure which was used to rectify the 
thermal-image. Finally, with the corne r points 
having been given in Gauss -Krtiger coordinates, 
similar 0 windows M wert cut from the individual 
maps and digitally superimposed; this served 
as a quality control of the processing proce- 
dure. Fig. III. 2. 3 shows the relief map superim- 
posed with the urban built-up distribution and 
water network which were produced in this way 
(the former represents only the German part 
of the territory investigated). 

Processing HCMM thermal Imagery 

Geometric adjustment to the Gauss-Krttger co- 
ordinate network. The geometric rectifications 
were carried out by the interpolation method by 
which some control points on the distorted 
scene are related to the reference image (see 
Part 5 , Ch. 3, B). 

The data base for this investigation was pro- 
vided by a segment of HCMM scene AA 0034, 
0213. 0. 3 of May 30, 1 978, As mentioned in 
Ch. 3, it encompasses the Upper Rhine Valley 
between Basel and Frankfurt and the surround- 
ing highlands, 

“Rough” Rectification 

In order to achieve the highest possible degree 
of. precision the determination of the control 
points proceeded in two steps. First, the ther- 
mal image was corrected with respect to water- 
networks and forest distribution ( M rough, 11 rec - 
tification), From this corrected image, which 
already represents a good geometric approach 
to the topographical map, the control points for 
the final rectification were determined using 
Gauss-Krdger coordinates ( ,, fine n rectification). 


The determination of the control points for the 
first step of rectification was carried out on 
the DIBIAS-monitor screen. Here the thermal- 
image as well as the digitized and pointwise 
correlated forest distribution and water-net- 
work maps were deposited in the image memo- 
ry of the system. In this way one can rapidly 
compare the images and easily identify their 
corresponding structures. As an auxiliary aid 
to the present investigation a relief map was 
also used. Although large -area landscape - 
structures (the Upper Rhine Valley, Kaisers 
stuhi, large cities) were easy to recognize in 
the contrast enhanced thermal -image, the de- 
faction of control point pairs remained diffi- 
cult. It turned out, for example, that in the 
monitor-screen comparison of structures for 
the region of the Upper Rhine Valley no con- 
trol points - except a few well-marked struc- 
tures of the Rhine itself - could be determined. 
The search was easier in the highlands which 
surround the plain. Here the valleys with their 
pastures contrast strongly with the forested 
mountains and hills. They show a lower surface 
temperature at night due to differences in the 
heat budget between pastures and forests and 
the accumulation of cold air on the valley bot- 
toms. One can therefore define, as control 
points, the bends in a valley or the confluences 
of several valleys. This clear pattern of a val- 
ley network in the thermal -image is lacking in 
landscapes with unforested plateaus or only 
partially forested valley slopes, because here 
the influences of the relief and vegetation dis- 
tribution on the surface temperature run in 
opposite directions. 

Seven of the 17 control points used for the 
° rough 0 rectification lie on the Rhine river, 

2 on prominent corners of forests, and 8 in 
the bends of valley confluences of the highlands. 
Of the Rhine control points, two or three were 




produced by the river alone, in some the strip 
of forest along the river banks was of assis- 
tance and in the case of two others on the Mid- 
dle Rhine the influence of the (relatively warm) 
Rhine Valley slopes which follow the bends of 
the river was evident. 

“Fine" Rectification 

As mentioned above the control points for the 
"fine" rectification were determined using 
Gauss -Krilger coordinates. In order to achieve 
an average residual error of less than one 
pixel in the line as well as in the column-direc- 
tion, it was attempted, on the basis of the to- 
pographical overview map, scale 1 : 200, 000 
(T tlK 200), to determine the coordinates for 
50 to 100 control points with an error of less 
than 600 m. This requirement means the deter- 
mination of these points on the map with an 
accuracy of 3 mm. To do this the "rough" rec - 
tified images were projected onto the corre- 
sponding map sections. By shifting the maps 
on a magnetic wall, the structures which cor- 
respond to the recognizable patterns in the 
thermal image, namely, relief, forest distri- 
bution, water-network, urban built-up areas, 
were assigned in sub-regions of 20 to 40 km in 
diameter. Corresponding details of the thermal- 
image and the map were then identified in these 
partial regions. It became clear along the way 
that the control points which had been used in 
the preliminary rectification could, for the 
most part, not be identified on the map with the 
necessary accuracy (3 mm). This is true espe- 
cially for the control points which were taken 
from the forest distribution data. The corre- 
sponding forest distribution patterns are indeed 
present on the map T UK 200; however, the rele- 
vant corners and edges could only be defined 
with precision to about 1 cm. The same is true 
for the "heat islands’ 1 of large cities, which are 


conspicuous In thermal-images and useful in 
small scale classification. But when blown up 
they are structureless and have such diffuse 
edges that it is difficult to assign control points 
within them. On the other hand the relief pro- 
vides a good reference system, but not the bends 
or confluences of the large valleys (as was the 
case with the "rough" rectification), and, par- 
ticularly* the many small forms in the upper 
parts of the drainage basins. Several control 
points on the Rhine river could thus be taken 
over from the "rough 1 ' rectification, directly. 

The 86 detected control points, for which a de- 
finition within the afore mentioned margin of 
error was possible, are distributed among the 
different classes according to the following 
list! 

Water bodies (5 points); Three well-marked 

■ * - - a m. m <■> » m m. m -m m m • m m- - » 

bends in the Rhine river, one in the Mosel 
river, and a corner of a lake which had a 
rather conspicuous shape. Many of the river- 
bends have to be disqualified, since it cannot 
be unequivocally determined whether or not 
the structure which appears in the thermal 
image is produced by the river itself or by the 
adjoining strips of forest. 

Urban built-up areas (5 points); Although there 
were numerous cities with populations of up to 
10, 000, which evoke a thermal signal, it was 
possible only in a few cases (Endingen, Walds - 
hut) to distinguish the respective town centres. 

In two other cases, however, the corner points 
of large industrial built-up areas could be de- 
termined. 

Land -use boundaries (18 points): The deter- 
mination of land-use boundaries was more dif- 
ficult than expected. Forest-clearings (2), 
small wooded expanses (3), forest-edges which 
jut out into or sharply recede from the adjoin- 
ing landscape (9), etc. , can apparently be iden- 


TABLE III.2.2. Numerical results of the geometrical rectification. 
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tified only when the borders of the pixel coin- 
cide with the land-use boundaries. In 4 cases 
land -use bounda ries could be recognized by a 
prominent corner of a dam on the Rhine. 

Relief (51 points): With some reservation one 
can say that the nightly appearing pattern of 
various sorts of concavities was the most ef- 
fective aid in identifying the control points on 
the map TUK 200. The valley network of the 
highlands thus served, in addition to its appli- 
cation for the H rough” rectification, as refer- 
ence for the projection of the thermal-image 
onto T UK 200. But essentially important here 
were the small but numerous forks (31) in the 
upper valley regions, which could be assigned 

i 

to a definite image -point. Furthermore, in 
some places it was possible to define, with 
sufficient accuracy, the junctions at which 
small peripheral valleys combine with major 
ones (8) as well as larger junctions (3) or 
bends (3) in the valleys. 

It should be noticed that for all defined catego- 
ries or classes only a few of many geographic- 
ally equivalent situations were recorded in the 
thermal- image, This is due So smearing in 
mixed signatures caused by averaging the tem - 
pe ratures of the different objects which contri- 
bute to the pixel. From this point one can de- 
r ive t w o c o ns e que nee s : 

Firstly, the fact of this “smearing" reinforces 
trust in those control points which were finally 
selected. Exactly those situations were captured 
in which the phenomenon producing the signal 
was located centrally in the respective pixel. 
Secondly, it is to be expected that some of the 
control points which were employed here will 
not always be useful for the rectification of 
other images of the same territory, even if 
they are taken at the same time of day. This is 
because due to different arrangement of the 


pixels, the same geographic phenomenon can 
be reproduced clearly in one image but less 
prominent in another one. 

Quantitative Results and Precision of the 
Procedure 

With the control points thus defined, the entim 
scene (linear and quadratic polynomials) as 
well as different selected parts of it wore rec- 
tified with respect to the format of Tt)K 200 in 
several computing runs. Table III. 2, 2 
shows that for the “rough" rectification the best 
results reveal an rms error of somewhat more 
than 1000 m in both the line and column direc- 
tions, for the “fine" rectification the values 
are 618 and 606 m in line and 468 and 462 m in 
the column direction. The insignificant differ- 
ence between the residual errors of the linear 
and quadratic approaches 618 and 468 m vs. 

606 and 462 m, respectively, suggests that, 
with regard to the size of the investigated area 
(about 300 X 150 km), the increased time -con- 
sumption of the quadratic approach (35-. .mis- 
calculating: time vs. IS min. for the linear ap- 
proach) is not yet compensated by the relatively 
small gain in efficiency. 

The rms errors from the individual rectifica- 
tions of the three TtiK- plates are with one ex- 
ception all significantly smaller than one pixel 
of the original data. The somewhat better va- 
lues for the plates CC 7910 (Freiburg -North) 
and CC 8710 (Freiburg -South) can well be at- 
tributed to the investigators' long experience 
with this area, especially by the previous work 
with aircraft scanner thermal imagery, which 
facilitates the selection of control points in this 
region. 

The fact that after the linear rectification no 
more essential systematic distortions are pre- 
sent in the image is shown in the rms vector 
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diagrams of the individual control points (Fig, 
JII.2* 5 and 6) : the vectors in the different parts of 
the image exhibit no specific tendencies. On 
the other hand a systematic additive error 
(translation) cannot be revealed by this argu- 
mentation. 

In Figs. III. 2. 7 to 8 the results of the rectification 
are presented by using images as examples. 
They show respectively the entire scene follow- 
ing the preliminary rectification and the section 
of CC 7110 (Mannheim) following the "fine" rec- 
tification, overlaid with the corresponding to- 
pographic pattern . 

Fig.ljPrt. 3 shows the surface temperature dis- 
tribution within the city boundaries of Freiburg - 
im-Breisgau as recorded in a satellite thermal- 
image and after "fine" rectification with respect 
to Gauss -Krtiger coordinates and "smoothing 11 
of the pixel edges. Fig.Z^Prt. 3 is taken from an 
aircraft scanner thermal-image of the same 
region produced under comparable conditions. 

Construction of tho Multl-Channsl Scsns 


As a result of the processing steps described 
above the following spatially correlated, digit- 
ized. and rectified image -information from the 
investigated area was derived: 

- the HC MM night -infrared image data with 
calibrated grey values, 

- the HCMM night -infra red image data with 
calibrated grey values which were also 
adapted to the temperature pseudo -colour 
scheme, 

- the network of urban built-up areas, 

- the forest dist rib utio n, 

- the relief for the area represented in map 
CC 7110, 

- and the classified image data described in 
section 2, 


By means of the ME -module (Merge^Modul) 
the individual scenes were transformed into 
two multi-channel scenes; one for the entire 
area under investigation and a second for the 
region represented in CC 71 10, 

The content of the various channels in the first 
multi-channel scene is sketched in FigJII.2,9* 
A pixel g of this scene is thus a vector in six 
dimensions (gj, g v g 3> g 4 , g g , g g ); the vec- 
tor components correspond to the following ca- 
tegories; 

elevation 0 - 200 m 

11 200 - 400 m 

" 400 - 700 m 

" 700 - 1000 m 

*' > 1000 m 


*1 


.= 230 
= 180 
* 130 
ft 80 
= 30 


; = 0 urban built-up area 

= 2 55 no urban built-up area 

g^ : ft 0 forest 

= 2 55 no forest 

l ft 0 wate r body 

= 2 55 no water body 

g 5 \ ft 0 £ g^ < 255 HCMM night -IR data, 
calibrated 

g 6 * = 0 4 s 6 4 255 HCMM night -IR data, 
calibrated and adapted 
to the temperature 
pseudo -colour scheme. 

The second multi-channel scene overlays a 
portion of the map CC 7110, It was produced in 
a procedure similar to the one described above 
and consists of the following eight channels: 

Landsat classification according to 
section, 

K p HCMM night -IR data, calibrated, 

HCMM night -IR data, calibrated and 
adapted to the temperature pseudo- 
colour scheme, 

K HCMM night -IR data, calibrated, 


Li f 
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vectors in the "fine" 
K 200 map plates (cf, 
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averaged, and adapted to the 
temperature pseudo-colour 
scheme, 

K 5 relief, 

urbc»n built-up area, 
water ways, 

Kg forest distribution, 

RtfortncM 


B. Investigation on the Thermal 
Conditions of Different Parts of the 
Landscape 

H, Gotsmtnn 

Gtographiichts Inatitut der Univaraitit Ffaiburg, Oautaehland 


Nlght-Tim« Surface Tamparatura and Rallaf 


I, NASA; "Heat Capacity Mapping Mission 
(HCMM) Data Users Handbook for Applica- 
tions Exploiter Miss ion -A (AEM). 

2* H. GOSSMANN; "The The rmal Behaviour 
of Natural and Cultural Landscape Regions 
in Southerm Germany as Derived from 
Satellite Imagery . M Publication in prepara- 
tion: 1980, 

3, W. SCHIKARSKY et ai. ; '’Das Abwtirmep^o- 
jekt Obe rrheingebiet - Aufgaben und Ziele", 
Bericht des Kernforschungszentrums Karls- 
ruhe, Laboratorium for Aerosolphysik I, 
M&rz, 1977. 

i, P. HABERXCKFR et aL ; "Auswertung von 
Sate Hite naufnahmen ftir die Landnutzung". 
Schriftenreihe "Raumordnung" des Bundes- 
ministers ftir Raumordnung, Bauwesen und 
StSdtebau, Bonn, 1980, 

5, S. FERNANDEZ et al. ; "DIBIAS-Handbuch", 
DFVLR, Institut ftir Nachrichtentechnik, 

Obe rpfaffenhofen, 1976. 


A well-known rule of topoclimatology is the 
thermal tripartition of hilly or mountainous 
areas at night: cold elevations, warm slopes 
and cold valley bottoms. The data allowed us 
to test the applicability of this law to the beha- 
viour of surface temperatures in various spa- 
tial dimensions. 

In general, only the difference between cold 
valleys and lowlands on the one hand, and warm 
slopes and mountain tops on the other, could be 
verified. Valleys are considerably colder than 
slopes if covered by comparable vegetation. The 
water network which follows the valley systems 
is all but congruent with the distribution pattern 
of particularly cold surfaces (Fig. HI. 2. 10). This ap- 
plies not only to the valleys in the highlands 
carved to a depth of hundreds of metres, but 




also to differences in elevation amounting to 
less than one metre on the alluvial and diluvial 
plains of the Upper Rhine Valley (Figs. III. 2. 11a and 
12). Nevertheless, the elevated areas proved to 
be as warm as the slopes, in some cases even 
noticeably warmer (Soonwaid, Pf&lzer Wald, 
West-Taunus, edge of the Black Forest near 
Offenburg) in most of the image sections pre- 
sented here, Cold elevated areas can be found 
in these samples only in places wjiere one of 
the following three conditions is met: 

1. Grassland and cultivated fields in altitude 
above forested slopes, 

2. Extended plateaus (Fig. III. 2.1 0a), 

3. Extended surfaces in areas with small dif- 
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1 Kraichgau 

2 Randniederung 

3 Hardwalder 

4 BeHheimer Wald 

5 Karlsruhe 1276.000 eWI 

6 Rhetozede 

7 Berg/eda 


Fig 111.211 Plain of Cberrhem and Outskirts of Kraich 
qaues near Karlsruhe Grey HCMM data (brqht * wa'nv 
dark * cold) Black excerpts from TUK 200 CC 71 10 
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4 Motor-road 


b) Relief, forest settlements 
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Fig. III. 2. 12 Bre sgau jnd Ka 
serstuhl Grey HCMM data 
(bright * warm, dark « cold) 
Black Excerpts from TUK 
200. CC 7910 



fer^ncea in elevation (Fig, III, 2. 13. b). 

At the mesoscale, if we do not consider each 
mountain or valley individually, but designate 
the whole Upper Rhine Valley as the "cold low- 
land M , the entire, strongly dissected highland 
fringe as the "warm slope" and the highland 
plateau which declines slightly towards the 
edges of the image, as the "cold elevation", we 
•can establish virtual congruence between the 
model and reality. 

One possibility to investigate the correlation 
between relief and surface temperature is the 
extraction of the thermal data for several ele* 
vation levels of HCMM image. 

The thermal images of the different elevation 
levels produced by this procedure (Fig, III, 2. 14) de 
monstrate what kind of parameters influence 
the surface temperatures. Thus the highest 
surface temperatures (without consideration 
of the large cities) do not occur in the Rhine 
Valley (0 - 200 rn) but on the slopes of the 
highlands. 

These are in the northern part of the Rhine 
Valley, mainly the regions between 200 and 
400 m and in the southern part those between 
400 and 700 m. Very warm we find isolated 
elevations between 400 and 700 m, e, g, in the 
northern part of the Vosges mountains. Rela- 
tively high, however, are the temperatures of 
the Rhine Valley in comparison to the plains 
of the highlands, e. g. in the region east of 
the Black Forest. In the great shallow depres- 
sions which can be found there at about 700 m, 
the lowest surface temperatures of south-west 
Germany occur, This discussion could be con- 
tinued, but the above mentioned hints already 
demonstrate that the thermal images of different 
elevation levels can be used in order to inves- 
tigate how the altitude of the surface and how 
the relief of its environment will have an influ- 
ence on the temperature of the surface at night. 


Surf act Temperatures and Forest Distribution v 

It is generally agreed that forests do not cool 
off as rapidly at night as do unforested areas 
and that they, consequently, produce higher 
surface temperatures at night than adjoining 
grassland or cultivated fields. Therefore, it 
is surprising that a much more complex pic- 
ture resulted from this study: 

1, Forest on steep slopes or convex terrain 
shows very high temperatures (as warm as 
city centres). 

2, All forests cn the plateau of highland display 
slightly lower temperatures but are defini- 
tely warmer than scattered clearings or ad- 
joining unforested terrain. With the except 
tion of the Upper Rhine Valley, the contrast 
between forested and unforested terrain is 
the most essential factor of the distribution 
of warm and cold surfaces everywhere, un- 
less, of course, the relief determines the 
thermal pattern. 

3, In the Upper Rhine Valley, the picture is very 
complex. The residual forests on the holo- 
cene flood plain of the Rhine are depicted as 
being relatively warm but only in places 
where they have not lost their characteristic 
features due to canalization n£ the Rhine River 
and the subsequent drop of the ground water 
level. The forests on the diluvial and allu- 
vial frV*& in front of the Pf&lzer Wald and the 
northern Vosges Mountains also seem to be 
warmer than their surroundings. On the other 
band, most of the Hardt forests on the Rhine's 
quarternary accumulation plain and in part on 
the gravel fans of the rivers of the Black 
Forest, are as cold as, or even colder than 
neighbouring unforested areas. This is most 
evident in the southern part of the Upper 
Rhine Valley north of Basel. 

If one ignores the behaviour of the residual 
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forest on the Rhine's holocene flood plain, a 
general tendency for great contrast between 
forested and unforested areas on convex land* 
forms and for reduction of this contrast be- 
tween the two types of surfaces in concave 
terrain prevails. As we have stated repeatedly, 
the highest surface temperatures are found on 
forested mountain ridges and steep slopes. 
There must be several reasons for the distinc- 
tive behaviour of forested surfaces: 

1 . The low surface temperature of the Ha rdf 
forests can only be understood if it is as- 
sumed that there is a relatively homoge- 
neous layer of cold air extending beyond 
the actual height of the trees (inversion in 
the boundary layer). 

2. The differing behaviour of forests on pla- 
teaus can then be explained by the fact that 
a sufficiently extended layer of inversion 
could not be created there because of 
stronger dynamic turbulences caused by 
winds at relatively high speeds. The sen- 
sible heat flux to the forested surfaces 
thus remains greater than on adjoining 
grassland and arable fields. 

3. All this signifies that the much higher sur- 
face temperatures of forests at night cannot 
be attributed to, or at least not completely 
explained, by the capacity for heat storage 
within the forest but rather also by the sen- 
sible heat flux between the air and the forest. 

4* The explanation for the relatively high tem- 
perature of the residual forests on the holo- 
cene flood plain of the Rhine can be derived 
from the fact that, on the one hand, a great- 
er heat capacity is available below the sur- 
face of the forest because of numerous re- 
sidual water bodies and that, On the Other 
hand, inversion in the boundary layer is 
interrupted or at least weakened, as in 
large cities. These residual water areas 


were especially large and numerous at the 
time of the satellite overpass* as the Rhine 
had had a particularly high watex> level a few 
days earlier in May 1978. 


Besides the relief, different land-use types will 
be reproduced in the thermal image, depending 
on their individual heat budget. Thus, inFig.III.Z. 13 
the cities of Basel, Strasbourg, Mannheim and 
Frankfurt appear as warm areas, similar to ex- 
tended forest areas in the Rhine Valley or in the 
highlands. Using this fact, the data structures 
can be used to separate individual land -use types 
and to quantify the influence of the special type 
of land -use on the surface temperature. For 
the region of the topographical map CC 7110 
(1:2,000, 000, Mannheim), for which the Land- 
sat derived land -use clas sification was integra- 
ted into the data-structure, statistics of the sur- 
face temperature for each land-use type can be 
calculated. Without regarding the influence of 
the relief, this evaluation wag calculated for 
the elevation level 0 - 200 m, according tt the 
elevation of the Rhine Valley (Fig, 111.2,15;. The grey 
values 90, 100 and 110 of the abscissa in Fig .111,2.1 5 
correspond to the temperatures 2. 5, 5 and 
7. B°C . For a better understanding of the evi- 
dent correlation of the surface temperature with 
th e typ e of la nd -use , th e whole region of CC 7 1 1 0 
was overlaid with a grid of 5x5 km^ (Fig. Ill, 2. 16). 

For each of these squa res the distribution of 
the different land -use classes can be calculated. 
Fig. 111,2.17 is an example of this calculation for 
four of these squares, containing the distribu- 
tion of ths classification, the parts of built-up 
and forest areas derived from the digitized 
maps and the mean surface temperature of the 
HCMM data. The values demonstrate that high 
surface temperature coincides with large por- 
tions of built-up areas and that low surface tern- 


Surface Temperature and Land-Uee 








Fig. III. 2. 16. Thi* figure represents temperatures of ad surfaces with elevations of 'ess than 200 m m the region of CC 71 10 
(Mannheim) Grid-distance 5 km This will be used i«t order to derive the correlation between the average surface temperature 
of a square element of laridscape and the relative distribution of the iand-use classes within this square 






ORIGINAL FAGS! 3 
OF POOR QUALITY 




H 



81 


perature coincides with large portions of agri- 
cultural land* On the other hand the question 
arises of why the large area of forest in square 
No. 3 (Bienwald) does not produce high tempe- 
ratures. 

To investigate these problems more carefully, 
the data of the nearly 150 squares were eva- 
luated using regression analysis. 

Critical Evaluation and Treatment of the Data 

Histogrammes of the HCMM-tempe rature va- 
lues for the various land-use classes show 
that, as expected, some types of surfaces have 
a trend for higher temperatures (.Fig. III. 2. 17). This 
is true especially for densely built-up urban 
areas and areas covered by vineyards. On the 
other hand, we noticed that such a clear trend 
was missing in other land-use classes, for in- 
stance in woodland. 

Woodland, sparsely built-up areas, arable 
land, as well as horticultural land and pastures 
showed nearly the same spread in the histo- 
gramme of HCMM values as was shown in the 
histogramme of the entire data set. There 
seem to be two reasons for this result. Firstly, 
even in the rather narrow deviation range se- 
lected, the various land -use classes form dif- 
ferent surface temperatures as a result of the 
different geographic surroundings. This fact 
must be kept in mind when interpreting the 
deviations from regression. Secondly, the 
large spread in the HCMM-tempe rature values 
in the various surface classes is caused by 
sources of errors in the data themselves. Their 
influence on the present study had to be elimi- 
nated, or had at least to be limited. These 
sources of error are the following: 

1) The geometrical smoothing of the Landsat, 
and even more so of the HCMM data is af- 
flicted with a residual error which may pos- 


sibly falsify the point -by -point classification 
at th* margins of the land-use categories. 

2) The size of the picture elements it 600 x 
600 m for the HCMM data and if about 100 x 
200 m for the land-use data. This means 
that, as a rule, HCMM values average out 
various types of land-use. When setting up 
the data structure, the individual HCMM 
picture elements were subdivided, if neces- 
sary, and the different parts were each as- 
signed to one particular land-use clast. 

3) The basic land-ute classification is in itself 
afflicted with a residual uncertainty. Most 
errors occur in areas with small plots of 
land, and at the boundaries of large land- 
use units, 

In order to reduce these sources of errors, the 

data were treated as follows! 

1) The comparison between HCMM-tempe rature 
values and land -use was not carried out for 
single HCMM values, but for larger areas, 
and their mean HC MM-tempe rature value 
was compared with the distribution of land- 
use classes in this area. 

For this purpose, the entire area was divided 
into quadrangles of 5 x 5, resp, 10 x 10 km 
(Fig. III. 2 . 16). The mean radiative temperature 
and the percentages of the various land -use 
classes were determined for each square 
(Fig.III.247). Thus, the influence of the residual 
errors of the geometric correction and the 
effect of the different size of the picture ele- 
ments of Landsat and HCMM data were lar- 
gely eliminated, more so in the larger (10 x 
10 km) than in the smaller (5 x 5 km) squares. 

2) AL1 calculations were performed in two dif- 
ferent ways. In the first one, the percentages 
of the eight land-use classes were inserted 
as separate variables. In the second method, 
six land -use classes we re combined in pairs 


82 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Mean surface 
temp.(HCMM) 

uojuuqnra 

AJBU|Ui09id 

u 0 u 0 

CN °CD O °<*) 

id to q 1 

onjBA AojO uotw 

100.8 

106.4 

99.5 

97.3 

Land-use type derived 
from the thematic maps 

UOJOJ 

$ § 
00 

SB8JB dn*t||ng 

£ § § 

0 co »$■ 

cs o> 

c 

# o 

$ 

a 

IQ 

*3 

01 

■o 

c 

3 

a 

£ 

E 

0 

3 

Z 

& 

•a 

© 

a 

Z 

91 

3 

*6 

c 

2 

mm 


isojoj snonppoa 

N s 

isajojsnojopuoo 

ss « 

* a 

spjffAoujA 

>6 

8 

fUntsnd 
pue ipjeqaio 

® & « 

to 0 fN 

CN 

puo| jojmjnapfiv 

2 a 

sonueo Aj|0 

V© 

CiN 

00 

to 

sdn-Mjnq ueqjfl 

« fc* 

CN CO (*) 

(N CN 



Square 1 
(Bad Durkheim) 

Square 2 
(Mannheim) 

Square 3 
(Bienwald) 

Square 4 
(Sclnfferstadt) 



rig. 111.2.18. Multiple linear regression of the surface temperature (HCMM) on the percentage olf Sand-use classes for Quadrangles of sheet 71 10 (Mannheim) of 
TUK 200, Dependent variable ( Vgl : HGMM-temperature value (mean of the square in standardized grey values); Independent variable ; percentages of land-use 
classes (V 4 sparsely built-up, Vg densely built-up. Vg arable land, Vy pastures and horticultural land, Vg vineyards, Vg coniferous forests, V^q deciduous forests, 
V-j i water ); A-j built-up, A 2 open land, A 3 forests. 




to form three variables, i. o. i sparsely and 
densely built-up areas were combined to 
one variable named “built-up areas 11 , pas- 
ture, horticultural and arable land to a 
variable named "open areas 11 * and conifer- 
ous and deciduous forests to one variable 
"forests". As the accuracy of the classifi- 
cation increased from values of under 70% 
for the single land-use classes to values of 
over 80% for the combined land-use classes, 
the second calculation run served to control 
the results derived from the calculations 
with the single variables* 

Moreover, on account of the particular si- 
tuation at the edge of the Upper Rhine Plain 
and at the mouths of the valleys it was felt 
to be advantageous to perform ail calcula- 
tions with two different data sets* There- 
fore, we formed one data set with only 
those squares that were entirely below an 
altitude of ZOO m and another data set fea- 
turing all the squares with at least part of 
their surface below 200 m. This set con- 
tained values of variables only from that 
part of their surface which was actually at 
an altitude below 200 m. Thus, a total of 
four data sets (large and small squares, 
squares entirely below 200 m and squares 
at least partially below 200 m) were evalua- 
ted in two calculation runs, i, e. single 
variables, respectively, part of the variables 
combined (Fig. Ill, 2* 1 8), 


Application of Multiple Linear Regression 
Analysis 


>n 


The HCMM temperature values were taken as 
the dependent variable y, the percentages of 
the land -use classes as the independent va- 
riables Xj.., Xj, , , , , Xg, respectively, 

X. X-. The multiple linear regression 

i o 

of Y on X. , , , . , X was calculated with the 
l R 


program "REGRESSION" from the program 
package SPSS of the Computer Centre of Frei- 
burg University. 

The variables were introduced into the calcu- 
lation one by one, creating the prediction equa- 
tions » V| 1 1 , , i 

I . The Contribution of the Type of Land-Use 
to the Variance of the Surface Tcmnera- 
jurej, 

The part of the total variance of the surface tern 
perature accounted for by land-use varied be- 
tween 19 and 50, 5% for the different data sets 
used (see Fig. 111,2,18), Accordingly, also the cor- 
responding standard deviations varied between 
3, 09 and 1* 80 (which corresponds to 0, 77°C, 
respectively 0. 45°C). 

Apparently, the better results from calculation 
runs 7 and 8 (Fig.UI. 2, 18) are mainly based on the 
greater homogeneity of the data sets used in 
these two runs. They exclude two areas where, 
as will be shown in the later discussion on the 
deviations, other influences on the HCMM- 
temperature values, which do not result from 
land-use, are particularly intense. These areas 
are the valley bottoms and the mouths of the 
valleys on both sides of the Upper Rhine Plain, 
and the agricultural and wooded area to the 
south-east of Mannheim, The high surface tem- 
peratures of the latter cannot be explained on 
the basis of its land-use. Therefore, the fol- 
lowing conclusions were based mainly on runs 
7 and 8. 

Figs. HI, 2. 19 and 20 show the results for the dif- 
ferent calculation steps for these two runs. 

Tie linear regression model with five land-use 
classes accounts for the spread of surface tem- 
peratures to 26. 6 % , with built-up areas, to 

II, 7% with water surfaces to 2, 1 % , with open 
areas and to 1,2% with vineyards. The model 
with eight land-use classes accounts for 34, 1 % 
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Fig. 1 11.2.20. Stepwise multiple linear regression of the HCMM-temjperature values on the percentage of the vanous land-use classes 
(calculation run 8, five landuse classes). The percentages in parentheses are the part of the variance which the corresponding variable 
would explain in a simple linear regression. 




of the spread with densely built-up areas, and 
9. Of® with water surfaces. The part of each of 
the remaining land-use classes was 2. 5 % or 
less (deciduous forests 1.6%, vineyards 1,7%, 
arable land *V %% t sparsely built-up areas 
1.4%, horti rU^ural areas and pastures 0.2%). 

Both model 0 showed the dominant role on 
night-time surface temperatures of urban 
built-up areas on one hand, and water surfaces 
on the other. This is true for densely, as well 
as for sparsely built-up urban areas. Though 
variable (sparsely built-up) appears only 
in sixth place in Fig.IIl. 2, 20 with an increase in 
variance accounting for only 1 . 4%, this is 
caused by the high correlation between the 
percentages of sparsely and densely built-up 
areas (r = 0, 81). A simple linear regression 
between and alone would result in 16, 7% 
of the variance accounted for. The same is 
true for water surfaces, the contribution of 
which, on account of the many cities along the 
Rhine, is weakly correlated with the part of 
urban surfaces (r = 0, 3 5 for and V^, resp. 
r - 0, 3) for A^ and V^). A simple linear re- 
gression for V 3 and would result for both 
data sets in 23.4% of the variance accounted 
for. In addition, this particular effect was 
only found in agricultural pastures and horti- 
cultural areas. In a simple regression, the 
arable land accounts for 5. 9% , and the 
collective variable open land, A* for 9. 9% of 
the variance of the surface temperature. 

It is rather conspicuous that all forests, es- 
pecially coniferous forests, furnished only 
small Contributions to an explanation of the 
distribution of surface temperatures, although 
in the thermal picture, the ecges of forest land 
may be identified in many cases as borderlines 
between warm and cold zones. This results was 
not caused by their late inclusion into the cal- 


culation or their correlation with other vari- 
ables* Even with a simple regression, the 
forest areas would furnish only a very small 
part of the variances (Aj 2.25%, 1.25%, 

3. 13%). The cause is, as was confirmed 
by observing the deviations, that the forests in 
the test area had a Wide range of surface tem- 
peratures, i.e, they showed relatively high and 
also relatively low values. Deciduous forests 
seemed to show a clearer tendency for higher 
surface temperatures. 

2. Modification of Surface Tem perature 
with_Changing Land -Use 

The previous part of the study showed, respec- 
tively confirmed, that besides the different 

forms of land-use, there were other factors 

* 

which strongly determined night-time surface 
temperatures. Therefore, even in the case of 
such relatively homogeneous data sets as 7 and 
8, the part of the land -use classes accounted 
only for 40 - 50% of the variance of the surface 
temperature. However, it would be worthwhile 
to use the present model correlating surface 
temperature and land-use to answer another 
important question, i.e. how and to what degree 
a change in land-use would affect the surface 
temperature. We think this would be a much 
needed contribution of remote sensing in pre- 
dicting the possible ciimatologic consequences 
of man-made changes of large parts of the land- 
scape. Therefore, we should like to anticipate, 
with a few remarks on the validity of the re- 
sults, what could be expected to be obtained: 

1) The mo#l is valid only for the area covered 
by the data set. Without further study, it is 
not possible to transfer it to other areas with 
different boundary conditions. 

2) The model is valid only for the same weather 
conditions as those at the time and during 
the last few hours prior to the HCMM pas- 
sage. A different wind regime, for instance, 
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or a different degree of incoming long wave 
radiation would have led to other tempera- 
tures of the various surface types, as well 
as to entirely different regression coeffi- 
cients. Evidently, the model is valid for 
the corresponding time of the day. 

It should also be noted that in the following 
discussion the influence of the emissivity of 
the various surfaces has not yet been taken 
into consideration. This will be done elsewhere 
in connection with the absolute calibration of 
the HCMM data, and may also lead to certain 
corrections of the temperature differences 
given below. 

th 

Calculation run 7, after the 7 calculation 
step furnished the following regression equa- 
tion; 

V 3 - 0,2111 • Yg + 0, 5649 • V u + 0. 1624 * 

* V i0 4 0. 1539 * Vg + 0.0807 * Vg * 

•f 0. 0960 • V 4 4 0. 0154 • V ? + 90. 285 

With this equation we may estimate how ’ 
would change if one of the variables V e> . . . , 

3 

V 13l were decreased by 20% , while another 
variable was increased by 20%. The results 
of this calculation, converted into centigrade*, 
are depicted in Fig. III. 2,21 , and the correspond- 
ing results for run 8 are given in Fig.III.2.22, 
These figures permit an easy determination 
of the changes in surface temperature, also 
for other changes in land -use. 

How can these figures be interpreted? First, 
we should ask whether the temperature modi- 
fication in question really results only from 
the above mentioned change in land -use, or 
if it was caused by other phenomena coupled 
to the corresponding land-use, This seems 
particularly to be the case when vineyards are 
involved. The increase in temperature from 
0, 19 to 0, 77°C when changing f rom arable 


land, pastures and horticulture, and conifers, 
or in the combined form, open land and forests, 
to vineyards is easily explained by the more 
favourable thermal location of vineyards in 
comparison with other agricultural and wooded 
areas. Accordingly, the mean surface tempe- 
rature of an area near Karlsruhe occupied by 
conifers is not going to increase by 0. 77°C, if 
we cut down 20% of the trees and start to plant 
grapes instead, as we are led to believe from 
looking at Fig.III.2.2i . This means that the model 
is not applicable to the same extent for predic- 
tive purposes as the distribution of the various 
present land-use classes was determined by 
thermal conditions, either favourably or un- 
favourably. Otherwise, to realize the changes 
in surface temperature derived from the re- 
gression model would not only necessitate the 
corresponding change in land-use, but also the 
realization of the particular thermal conditions 
in the environment. This objection, or rather 
this limitation, is, fortunately, not true for the 
relations between urban areas and the various 
open land types, as at least the expansion of 
larger settlements during the course of the 
last 100 years has takma place without any 
consideration of, and without being influenced 
by thermal conditions. Should the current dis- 
cussions, e. g. over fresh air currents, in- 
fluence to a large extent the future expansion 
pattern of settlements, then in one hundred 
years a similar study would result in a differ- 
ent picture. However, at present it may be 
assumed that the values in the first two co- 
lumns of Fig. III. 2, 21 are to be explained solely 
by their different land-use. Therefore, they 
may well be used to predict temperature modi- 
fications due to changes in land -use. 

This means that a change of 20% of sparsely 
built-up areas to densely built-up (column 2 
in Fig. III. 2. 12) would raise the surface tempera - 
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Fig. It 1.2.21. Change jn the night-time surface temperature ( C) due to a mcdlflcation of the land use by 
20%. Estimate, taken from the results of the linear multiple regression of the H CM M- temperature values 
on the percentage of land-use classes for squares of 10 x 10 km. 8 land-use classes (calculation run 7). 
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Fig. 1 1 1.2.22. Change in the nigh t-time surface temperature ( C} due to a modi- 
fication of the land use by 20%, Estimate, taken from the results <£f the linear 
multiple regression of H CM M- temperature values on the percentages of the land- 
use classes for squares of 10 x 10 km In the Upper Rhine Plain between Mannheim 
and Karlsruhe. 5 land use dasses (calculation run 8). 




ture by at least 0. i (0. 58)°C. If the expansion 
of densely built-up areas takes place at the 
expense of agricultural surfaces, the surface 
temperature would Increase by at least 0. 6 
(0. 65)°C, at the expense of pastures and horti- 
cultural land almost 1 (0, 98)°C, woodland 
(dependent on the type) between 0. 2 5 and 1°C. 
Only if ,rban settlement were to spread by 
20fo at the expense of water surfaces then the 
surface temperature would decrease by about 
1.8 (1. 77)°C. 

For an expansion of sparsely built-up areas by 
20% (Fig. III. 2.22 column l) the thermal effect may 
be different depending on the initial situation. 
Settlements in agricultural areas would not 
considerably change the surface temperature. 
Settlements, instead of pastures and horticul- 
tural areas, would lead to a temperature in- 
crease of about 0. 4°C, settlements instead of 
deciduous forests to a decrease in temperature 
by 0. 3°C. A corresponding spread of settle- 
ments at the expense of water surfaces would 
result in a drop in temperature of about 2. 3‘°C. 

Similarly, we may look at the consequences of 
deforestation and its change to another type of 
land-use (Fig. III. 2,21 , 2nd line from below). An 
extension by 20% of agricultural surfaces at 
the expense of deciduous forests would de- 
crease the surface temperature by about 0. 4 
(0. 4)°C and a change to pastures and horticul- 
tural land by about 0.8 (0, T)°C, whereas an 
extension of vineyards at the expense of deci- 
duous forests would have almost no thermal 
consequences (0. 04°C). 

The corresponding numbers for coniferous 
forests (Fig, III, 2.21, 3rd line from below) should 
be looked at rather cautiously, as the reasons 
for the low temperatures of the coniferous 
forests indicated in the HCMM scene of the 
control area are not sufficiently clear. Simi- 
lar to vineyards, a thermal discrimination in 


the location of coniferous forests could have 
taken place, with in this case the forests oc- 
cupying the locally colder sites. In the control 
area, the conifers are represented mostly by 
pine trees on dry locations. One might also 
consider the effect of the thermal emisslvity, 
assuming that pine trees, due to the waxy sur- 
face of the needles have a significantly lower 
thermal emissivity than the other types of ve- 
getation prevalent in this area# No conclusion 
can be reached at this moment. 

The thermal effect of the increase, respectively 
decrease of water surfaces is also of interest, 
as in the past there was considerable human 
interference along the Rhine River in the form 
of the regulation of the water way, and the samo 
can be predicted for the future. There is evi- 
dence (Fig. III. 2. 21, last Kne , respectively last 
column) that with 20% change in water surface 
(except for a change to a densely built-up area) 
there is always a change in surface tempera- 
ture by 2 -3°C, i. e. it increases by that amount 
when the water part is enlarged, and it de* 
creases by that amount when the water partis 
reduced with regard to the total surface. 

3. The Detection of Night-time Cold Air 
Reservoirs and Cold Air Streams De- 
pending on the Deviations from Re- 
gression 

An analysis of the deviations from regression 
in Figs. III. 2.23 and 24 shows that extreme values 
are generally not isolated but grouped. This 
confirms the assumption that the deviations 
from regression not only form a random part 
of the data set, but that they can be explained 
by a causal relation. 

Assuming that the influence of land-use is 
largely and exhaustively represented by the 
regression, we must attribute the deviation 
from regression to the effect of other factors 
on the surface temperature. It is therefore of 
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interest to investigate the relations of the de- 
viations from regression to other environmen- 
tal factors* 

Thi ! investigation seems to be especially valid 
for the deviations from regression of the cal- 
culations with all squares of 5 x 5 km which 
have at least parts of the surface at an altitude 
below 200 m (Figs.III,2,23 and 21). 

They also include the foot -of -the --hill area at 
the edges of the gravel and the bottom of the 
valleys dropping down into the Upper Rhine 
Plain. This makes it possible to study the par- 
ticular situation at the edge of the Upper Rhine 
Plain and furnishes a contribution to the ques- 
tion, hew effectively these valleys may func- 
tion as reservoirs for cold air on the one hand, 
and as cold air corridors on the other, and 
thus as night-time sources of fresh air forthe 
settlements at the mouths of these valleys. It 
should further indicate to what degree HC MM 
images may help to clarify these phenomena. 

Valley as Cold Air Reservoirs; It has been 
known for a long time that valley bottoms cool 
off during the night, and this phenomenon has 
been registered repeatedly on infrared thermal 
images, Usually, though, it is not possible to 
decide to which degree the two factors 11 relief” 
and ’‘surface cover” (or vegetation) are invol- 
ved in the particular night-time cooling-off 
process of the valley bottoms. In many cases, 
the low temperatures may be attributed to the 
concave relief as well as to the large part of 
meadows on the valley bottom, i. e. to the 
collection of cold air flowing down from the 
slopes, as much as to the low thermal capacity 
of meadows and the resulting heat loss of grass 
surfaces during the night. As the latter effect 
is largely taken into account by the above re- 
gression analysis, the negative deviations on 
both sides of the Upper Rhine Plain result 
from the effect of cold air streams from the 


slopes. They are largely a function of the 
shape of the valleys and the temperature re- 
gime of the slopes* 

One may note that the largest negative devia- 
tions in both calculation runs occur in the 
south-eastern part of sheet CC 7110, especially 
the valley area of the H Pfinz” (R 15, R 16, 

S 15, S 16) and of the u Saalbach H (S 14) which, 
coming from the ”Kraichgau” enter the Upper 
Rhine Plain east of Karlsruhe. These valleys 
have a depth of about 50 - 100 m with slopes 
of no more than 8°, half of them being free of 
forests, i.e. being arable land. 

The negative deviations are somewhat smaller 
(1,0 - 0. 5°C) in the valleys of the Palatine 
Forest (Pf&lzer Wald), i.e. that of the ”Lauter 
(G 11 1 H 12) and those of the ”Cueich” and the 
“Speyerbach” (K 6, K 7). In contrast to the 
valleys of the ”Kraichgau” these valleys cut 
200 - 300 m deep into the bottom of the ”Pf&i~ 
zer Wald”, and have slopes of more than 20°, 
With the exception of the valley bottoms they 
are usually completely covered by forests. 
These observations correct and complete, in 
a rather important way, the first impressions 
obtained from the untreated thermal image. 

In these images, the deeply cut valleys with 
their meadow grounds between the wooded hills 
stand out by their low surface temperatures, 
while in strictly agricultural areas like the 
"Kraichgau” the valleys are rather difficult to 
identify. Nevertheless, the conclusions drawn 
above strongly support the theory that the cool- 
ing effect of the cold night air coming down 
from the hills is greater in these valleys with 
large tracts of arable land. 

Talleys as Conducts of Fresh Air; Another 
question of interest concerns the possibility 
to deduce from the deviations valid informa- 
tion about the role of these valleys as sources 
of cold and fresh air for the settlements at the 
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mouths of the valley*. FEZER, respectively 
GEIGER* both In 1977* gave u 9 a description 
of such night-time mountain winds at the val- 
ley exit of the "FfttUer Wald**# The map of 
wind registrations at the time of the HCMM 
passage shows (Fig.II1.2.2S) a cold air current at 
the junction of the i, 5peyerbachtal M near Neu- 
stadt (L 6) with the Upper Rhine Plain and we 
may well expect other valleys to produce the 
mountain winds as described by FEZER and 
GEIGER. 

However, studying the deviations of the squares 
located in front of these valleys exists (com- 
pare in Figs. III. 2. 16, 23 and 21 the squares Ml, 

M 4, M 6, L 9, L 10, J 13, etc. ) we find either 
very small, or slightly positive deviations* 

For none of these valleys do they really show 
a cooling effect of the fresh air current on the 
surface temperatures directly in front of the 
mouth of the valley. 

We conclude that the spread and extension of 

♦ 

these cold air currents is relatively small in 
comparison to the order of magnitude of the 
5 x 5 km squares*, However, it could be pos- 
sible that a certain whirl-pool effect with in- 
creased wind speed at the ground occurred in 
the mixing zone between the mountain wind and 
the v.0rth- south current which prevailed at the 
moment of the HG MM passage in the Upper 
Rhine Plain (compare Fig.UI.2,25). This effect 
may have, in part, prevented the decrease of 
the surface temperatures, 

The situation in the eastern part of the Upper 
Rhine Plain, 1. e. the valleys of the “Kraich- 
gau 11 is somewhat different and the squares at 
the mouths of these valleys (Q 13- R 12, and 
S 11) have negative deviations oi 2 to 5 points 
(0. 75 - 1 . 2 5°C). This result could possibly, 
in part, be attributed to the cold air currents 
from these valleys. Further meteorologic 
measurements would be needed to prove this 


assumption, as not only the quadrangles in 
front of the valley exits, but alto the entire 
a rea of the so-called n Randniede rung 11 and 
the Hardt-Forests north-east of Karlsruhe 
(P 11, Q 9, 10, It, 12; R 9, 10, 11, and S 10) 
show corresponding negative deviations from 
regression* 

One may conclude that the deviations from the 
multiple regression based on 5 x 5 km squares 
describe rather well the ability of valleys at 
the edge of the Upper Rhine Plain to form cold 
air reservoirs, They do not reflect the influ- 
ence of the cold air flowing out of the valley 
into the plain, Or, it is rather impossible to 
distinguish between this influence and other 
factors. 

4, Deviations In the Central Parts of the 
Upper Rhine Plain 

The calculation runs 5 and 6 (Figs. Ill, 2. 26 and 27) 
contain only the quadrangles of size 5 x 5 km 
which lie entirely below an altitude of 200 m. 
This excludes the areas of the valley bottoms 
and the mouths of the valleys, as well as the 
lower slopes on both sides of the Upper Rhine 
Plain* 

First, one has to keep in mind that quadrangles 
with large negative or positive deviations be- 
long nowhere to urban built-up areas, Thus, 
the quadrangles covering the large cities 
Mannheim/Dudwigshafen (P 2, P 3, Q 2, Q 3) 
and Karlsruhe (O 13, O 14, F 14) have very 
small deviations. 

This corresponds to the assertion made above, 
i. e. that for the built-up areas the regression 
represents, especially well, the influence of 
the land -use on the surface temperature. In 
areas with a high percentage of urban con- 
struction the estimate of the surface tempera- 
tures from the percentage of the land-use 
classes is, therefore, the least disturbed by 
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Fig. III.2.2& Deviation* from the multiple linear regression of the HCMM-temperature values on the 
percentage of the land-use classes (calculation run 5), Four units correspond to one degree centigrade. 
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DEVIATIONS BETWEEN -1 AND +1 : 

Fig. III. 2.27. Deviations from the multiple linear regresjlon of the HCMM temperature values on the 
percentage of the land-use classes (calculation run 6), Four units correspond to one degree centigrade, 
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SMALL SQUARES, COMPLETELY 3ELC7 All ALTITUDE Of 2C0 METER 
3 LAND USE CUSSES. 
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Fif. II 1.2.28. Trend surface (4th degree) of the deviations from the multiple linear regression 
of the HCMM'temperature values on the percentage of land-use daises. (Calculation run Sh 
The trend surfaces were calculated with the TRENDA programme of the GEOGEO pro* 
gramme library at the Computing Centre of Freiburg University. The coof/eration of Or, 
Guisefeid in permitting use of this programme is fatefully acknowledged. 
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Pig, II 1.2,29, Meteorological data from the Upper Rhine Plain between Mannheim and 
Karlsruhe on May 30, 1978, at 2,13 GMT (a 13 MEZ), Left column: deviation of the air 
temperature from the value meaiured In Karlsruhe (°C); right column: humidity of the 
air (% I; curve: course of the air temperature between 0 and 4 MEZ; climatological sta- 
tions: Karlsruhe (PI 3), Philippsburg (08), Mannheim (03), Heidelberg (to the right, 
outside), Bad OOrkheim (M4), Neustadt (L6), Bad Bergzabem (L1 1/1 2), (These data 
were kindly provided by the Deutschen Wetterdienst and Landesenstalt f Or Umwelt- 
schutz, KarUrjhe.) 
































other factors* 

The same is true, with only two exceptions 
(P 11 and R 5), for the quadrangles which 
follow the course of the Rhine* crossing the 
Upper Rhine Plain at about its centre from 
south to north (L 17, L 16, M, 17, N 14, O 13, 

O 12, P 11, P 10, P 9i P 8, Q 8, Q 7, Q 6, 

Q 5, R 5, Q 4, Q 3, Q 2, P 1), These are the 
quadrangles which contain a usually small 
percentage of water surfaces. Both these sur- 
face categories (urban built-up areas and wa- 
ter surfaces), due to the large heat capacity 
of their materials, react rather slowly to the 
short-term oscillations of meteorological 
parameters. It is therefore obvious to look at 
the areas with large deviations for a relation 
to meteorological factors such as air tempe- 
rature, humidity, and wind. 

For this purpose, trend surfaces were calcu- 
lated for the deviations in the various calcula- 
tion runs (compare the example in Fig. Ill, 2. 28) 
which can be better related to meteorological 
data than the single deviations. Their compa- 
rison with the air temperature, air humidity, 
and the course of the air temperature during 
the last hours before the HC MM -pas sage 
shown in Fig.III.2.29 helps to explain which devia- 
tions can be grouped together. 

Thus, the trend surface in Fig.III.2.28 fits in 
well with: 

- the high air temperature and low air humidity 
in Mannheim, Heidelberg and Bad Bergza- 

be rn, 

- the low temperature and high humidity in 
Philippsburg, 

- and the important dec rease of air tempera- 
ture between 0 and 4 MEZ in Philippsburg, 
and the somewhat lesser decrease and subse- 
quent rise at 2 MEZ of the temperature in 
Heidelberg. 


But the comparison of the various trend sur- 
faces with the data collected so far still does 
not give us a definite picture of the correla- 
tion of surface temperatures with meteorolo- 
gical events. As there will probably be addi- 
tional meteorological data to be included in 
this study, we should like to postpone to a 
later report further elaboration of this point. 
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Part 2 

2. Interpretation Results from HCMM Digital 
Radiance Data Recorded over Belgium 

& Gombw 

Labontorlum voor Bodemgtnw #n 0odfmo#ographl#, 

Kathoil«*t Univaraitait ta Lauvan, BafgMI 


Gtntral Introduction 

Referring to the general mission objectives of 
Part 2, the results over Belgium may contri- 
bute to studies which are placed under the 
following headings: 

a) Relations between soil type, soil moisture 
and remotely sensed surface temperature. 

b) Mapping of surface thermal gradients on 
land and for water bodies. 

c) Calculation of apparent thermal inertia 
(ATI) and correlation with different land- 
use classes or land surface types. 

The present part reports on interpretation 
results from HCMM -data acquired until 
November, 1980, 

The following HCMM- scenes have been used 
for analysis: 


6) 16 Sept. 1979 


7) 16 Sept, 1979 

8) 5 Dec. 1979 


9) 6 Dec.. 1979 


night-lR 

orb. 7520 79 259 
(00.26. 32 GMT) sub - 
image 5 (Beig. ) 

night-IR 

AA-0 508-01 002 -3 (Beig. ) 

day -VIS + IR 

orb, 8712 79 339 
(11.34. 55 GMT) 
(N-Africa) 

day-VIS 4- IR 

orb. 8727 79 340 
(11. 52. 52 GMT) 
(N-Africa) 


All interpretations were performed on digital 
data except for both recordings in December 
(5th and 6th) 1979, from which quick -look 
imagery was also used. 


A. Optical Comparison of Thermal 
Map-Like Printouts with Soil 
Association and Forest Maps 


1) 30 May 1978 night-IR 

AA-0034-02130-3 (Bels. ) 

2) 28 July 1978 night-IR 

AA-0093-02100-3 (Beig. ) 

3) 16 Sept. 1979 day-VIS + IR 

orb. 7 527 79 259 
(11.46. 55 GMT) sub- 
image 5 (Beig. ) 

4) 16 Sept. 1979 day-VIS 

AA-0508-12000 -1 (Beig. ) 

5) 16 Sept. 1979 day-IR 

AA-0 508 -12000 -2 (Beig.) 


Purpose of tho Work 

Some of the preliminary results on thermal 
data from a HCMM night-pass (2. 13 GMT) 
on 30 May 1978, are here presented. 

The purpose of this work was primarily: 

a) to visualize the digital thermal scanner 
data for Belgium (10. 5 - 12. 5 pm, resolu 
tion cell: approx. 500 x 500 m) 

b) to look for the optical location of thermal 


101 


pixels by comparison with different maps 
and also with Landsat imagery 
c) to delineate large (regional scale) and 

smaller areas as distinguishable from tem- 
perature patterns on map-like computer 
printouts and which correspond to soil and/ 
or soil surface features. 

Although this HCMM thermal recording only 
represents a momentary aspect of a rapidly 
evolving situation, it may be considered as 
rather unique being a cloud -free night view of 
the entire Belgian territory. 

Application of Computer Programs 

The computer analysis was performed with 
the ORSER program software (Pennsylvania 
State University, USA), some of the programs 
being rearranged or adapted by the Joint Re- 
search Centre, Ispra and the Centrum voor 
Landbouwkundige en Ecologische Interpretatie 
van Teiedetektiegegevens at Leuven (CLEFT, 
KUL) . The following programs were applied 
after transcription of the original HCMM digi- 
tal data into the ORSER-format : 

- MAP W -program 

This program is essentially a brightness 
classification program. It automatically cal- 
culates class limits and visualizes the pixel 
values in each class on each scanline as a 
maplike printout. This operation proved es- 
sential for the positioning of pixels on the 
maps as each pixel can now be identified by 
its scanline and element number. 

-EXIO- program (Extended Ratio Mapping) 

This program calculates arithmetic combi- 
nations of different channels and also assigns 
map symbols to categories according to spe- 
cified class limits. These limits can be ob- 
tained by the ST ATS -program. The EXIO- 


program produces a maplike printout of 
pixel* on successive scanlines. 

- STATS-program 

For homogeneous test areas delimitated on 
the NMAPW-print, the program calculates 
the vector of the mean, the vector of the 
standard deviation and the variance -covari- 
ance matrix, using the information contained 
in one or several spectral bands. The pro- 
gram also produces numerical (pixel) data 
and frequency histograms for specified chan- 
nels. 

Optical Analysis of Digital Printouts 

Computer printouts (NMAPW, EXIO) were op- 
tically superposed and compared with different 
types of maps (road, topographic, forest, soil 
maps, . . ) and corresponding limits were drawn 
depending on the application. Superpositions 
were all achieved with the aid of a Zoom Trans*' 
fer Scope (ZTS) which allows for scale adjust- 
ments and anamorphic corrections. 

The ZTS also allows for the projection of Land- 
sat multispectral colour composites (MSS bands 
5 and 7) on HCMM thermal printouts. In this 
manner the Land sat image is more or less con- 
sidered as the ground truth information needed 
for the specific interpretation. 


The following major land -use classes recog- 
nized on Landsat multispectral colour compo^ 
sites were used for pixel identification and po- 
sitioning on the HCMM printouts: 


Class 

water 

dunes 


Colour on Landsat Composite 

dark purple 

whitish 


urban land blue 

forests purplish 

pastures and agri- 
cultural c rops red 


It should be noticed that the computer printouts 


and the smaller interpretation maps derived 
therefrom, which appear in this paper, though 
all slightly stretched perpendicularly to the 
HCMM satellite scan direction, all sufficiently 
coincide when superposed to allow easy com- 
parison, 

Rtsuita 

Digital HCMM-data wore visualized by the 
NMAPW program for the entire Belgian terri- 
tory (Fig.IIL2.30), Ona line -printer the wholearea 
2 

(approx. 30,000 km ) could be represented as 
a printout at approx, scale of 1 ;200, 000, After 
its photographic reduction (about 50%) the 
national boundary could be drawn stepwise 
using a road map, each step resulting from an 
adjustment by means of the B k L Zoom Trans- 
fer Scope, Coast-lines, large river courses 
(Schelde), cities, small urban areas, small 
lakes (Blankaart, Cileppe, BUtgenbach) and 
forests were taken as reference points for 
optical adjustment. Boundaries within the 
Belgian territory Were delineated from the 
optical distinctions of temperature patterns 
and from their location and/or orientation 
with respect to other surrounding areas. In 
Fig.IIL2.30 warm signatures (light tones) and cool 
signatures (dark tones) are not only related to 
topographic relief (Condroz, Famenne, Ar- 
dennes), but also to land-use (Kern pen, Pol- 
ders, Leemstreek) or other surface features 
(cities as urban heat islands, open water, 
forests). Apparently, the delineated greater 
units do correspond to the Belgian geographic 
regions: Kustvlakte, Kempen, Zand leemstreek, 
Leemstreek, Condroz, Famenne, Ardennes 
and Lorraine, A more detailed study of the 
NMAPW -p rint also revealed good correlations 
with parts of the soil association map of Be^ 
glum. F igJII.2,31 shows its corresponding limits 


and also Indicate* the greater soil associations 
(see also Fig. 111,2,30), 

The NMAPW - printout was also optically com- 
pared with forest maps on the north and south 
Ardennes, In Figs.III.2 (4 32 and 33 only the larger 
forest boundaries have been delineated as they 
appeared from surface temperature contrasts 
with surrounding areas. Homogeneous thermal 
areas were circumscribed by hand under the 
Zoom Transfer Scope and labelled through 
comparison with the forest maps. Forests 
could generally be distinguished from their 
relatively high radiant temperatures. However, 
the difference between coniferous and deci- 
duous forest types or differences between 
species could not be inferred from the NMAPW- 
printout. It was attempted to slice out and re- 
present forested areas in the northern part of 
the Ardennes by means of the EXIO-program* 
The class (tempo rature)limits for running 
this program were established from the statis- 
tical analysis of forest training areas by the 
STATS-program. The EXIO-printout is repre- 
sented in Fig. III. 2. 34. In order to compare and 
correlate the HCMM-data with recent ground 
information, the E XI O- maplike printout was 
optically superposed on Land sat -image ry re- 
corded on 17/5/76 and 10/4/76. In Fig.III.2.34 
forest limits as interpreted on these Landsat 
images, may be compared with those from 
the EXIO temperature slicing. 

Landsat imagery recorded on 23 March 1973 
and on 22 May l 977 was also compared with an 
EXIO-temperature range printout of the Bel- 
gian polders (Fig.IIL2.35), Class limits were ob- 
tained with the STATS-program which calcu- 
lates the average pixel values and their stan- 
dard deviation, within the training areas. On 
these printouts, coast-lines, dunes, urban 
areas and small forests are well marked out 
and correspond fairly well with limits dis - 
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1.2.31. Optics deiineaton of greater units on tne NMAPW pnntou 
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Fag. III. 2. 34. Companion of forest lira. M obtfaofd by EX 10 temperature iicmg *vith limits interpreted on Landsat magery 
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Inynd of rig** ft 

i “ft* LktSUM * 

(Soil Attention 

Map, Marshal and Tavernier, 1:500,000, 1970) 

1+2 

Dunes 

3 

Sand, sandy loams 

OS 

CUy soil. 

6 

Sandy to sandy clay soils on heavy clay 

7 

Decalcified topsoil on heavy Impervious clay 

8 

Sandy clay to clay on sand (ancient channel soils) 

9 

Heavy clay soils on peat 

10 

Heavy clay soils 

11 

Moeren (reclaimed soil complex, 17th cen:ury) 

12 

Clay soils on pleistocene sand 

14 

Sand/loamy sand (dry) 

IS 

Sand/loamy sand (wet) 

17 

Sand/ sandy loam (wet) 

19 

Complex 1 5+1 7 

22+23 

Sandy topsoil of different origin than deeper layers 
(on sand or clay/sand) 

21 

Sandy topsoti of different origin than deeper layers 
(on chalk or mar*) 

26 

Sandy loam (dry) 

27 

Sandy loam (wet) 

28 

Sandy loam with clay illuvial B-honton (dry) 

29 

Sandy loam with clay illuvial B-horizcn (wet) 

30+31+32+33+35 

Loam with clay illuvial B •horizon 

37 

Loamy topsoil of different orig;n than deeper layers 
(on sand) 

38 

Loamy topsoil of different origin than deeper layers 
(on sand/clay) 

39 

Loamy topsoil of different origin than deeper layers 
(on clay) 

50+51 

Stony loam, mixed with shale or sandstone 

52 

Stony loam (dry) 

55 

Sand/ sandy loam with clay Illuvial B -horizon 

58 

Clay soils with clay illuvial B-honzon 

60+61 

Alluvial soils 

C 

Cond rot -association 

r 

Famenne -association 

Note: The English translation of the Dutch tormj has only an explicative 
meaning 
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Uttn^ of Tl'nir* 5 

Companion of foreet limits obtained by E XIO-tem p* rature slicing 
with limits interpreted on Landeat imagery (N-Ardennee, Belgium) 

forest limits interpreted from Landeat imagery 


forest areas obtained from HCMM temperature 
• lie ing 


L«t>nd of Figurt » 


polders compared with Landeat imagery 

ranges for the Belgian 

• 

HCMM -count 

grr.i 

0 • 51 

{nzz 3 

52 - 57 

f — “I 

56 - 60 
61 • 255 

Lesend of Kicure 7 


Comparison of an HCMM EXIO -printout with the eoil association 
map of the Belgian polders 

Symbol 

HC MM -count 


0 - 53 

[xXxtt | 

M - 57 

[ 1 

56 • 60 


CZ=] 


61 • 255 




cernable on a Landsat muUUpoctral colour 
composite of the area (MSS bands 5 and 7)* 
Landsat Imagery used in conjunction with 
HCMM data proved particularly useful for 
pixel location purposes* Furthermore,, spec- 
tral information from other satellites such as 
Land sat may contain recent information on 
land surface features or on land-use which 
may also be discernable through thermal pro- 
perties* On the Landsat scene of 23 March 
1973 the limits of the polder area may be ea- 
sily distinguished. When this image Is optical* 
ly superposed on the HCMM, EXIO-printout 
of Fig, 111,2, 35* itappears that polder pixels 
(counts 4 51) in the polder area more or less 
coincide with the wetter soils and with asso- 
ciations having a relatively high clay content 
(cfr. soil association map)* These soils are 
permanently under grass cover* On Landsat 
composites recorded in early spring such 
areas stand out as bright red. They can be 
exactly located, delimited and optically trans- 
ferred to a digital printout. The temperature 
range limit visualised by EXIO in Fig, III, 2, 35 as 
22/5/77, was also clearly visible on the Land- 
sat recording of 22 May 1977. North of this 
limit, lands are largely occupied by padres 
whereas lands in the southern part are being 
used mainly for cultivation of industrial crops, 
In this southern area the relatively high pro- 
portion of soil surfaces not yet covered by 
Vegetation at the time of the thermal record- 
ing, accounts for higher radiant temperatures. 
From the comparison with the soil association 
map it was also found that the limit coincides 
with the distinction between sandy soils (north 
of the limit) and sandy loam soils, south of 
the limit (Fig.m.2,37). 

Fig.HL 2. 36 shows a further attempt to slice out 
those polder areas which all have a lower ra- 
diant temperature range (counts $ 531* The 


location of such areas was then compared with 
the soli association map (somewhat schema- 
tized after optical superposition on the EXIO- 
computer printout). From this, it could be 
concluded that the spatial limits of some tem- 
perature classes do correspond fairly well 
with soil unit boundaries. Dune areas espe- 
cially showed high radiant temperatures where- 
as the polder soils with high clay content (poel- 
gronden) and also some of the more humid soil 
associations formed part of classes with lower 
temperature range (Fig.III.2.37). Humid soil la 
generally cooler than dry soil, evaporation of 
absorbed water also lowers the temperature. 
High moisture content of a soil increases its 
heat capacity and a lower temperature will be 
sensed. 

RuterencM 

J. R. BOHSE, M. BEWTRA and W. L. BARNES; 
"Heat Capacity Mapping Radiometer (HCMR) 
Data Processing Algorithm, Calibration and 
Flight Performance Evaluation", NASA Tech- 
nical Memorandum 80258 (1979). 

A. CE ESTERS, R. GOMBEER, H. GULINCK, 
N. SOUGNEZ and J. D'HOORE; "Applications 
of Computer-Aided Analysis of Landsat Data 
to Land-Use Studies in Belgium. The Ciergnon 
Test Site (Famenne)", Proc, Int. Symp, on 
Remote Sensing for Observation azid Inventory 
of Earth Resources and the Endangered En- 
vironment, Freiburg, BRD (1978). 

R* GOMBEER; “Analysis of Thermal Infrared 
Digital Data Recorded over Belgium by a Heat 
Capacity Mapping Mission (HCMM) night-pass 
TELLUS NEWSLETTER No. 10, 10-28 (1979). 

J, SUBBARAYUDUj ’’Heat Capacity Mapping 
Mission, Validation Study Final Report No. 
R-SAG-3/79-01 1 *. Systems and Applied Scien- 
ces Corporation, Riverdale* MD, USA ( 1 979)* 

B. TURNER, D. APPLEGATE and B. ME - 
REMBECK; “Satellite and Aircraft Multispec- 
tral Scanner Digital Data User Manual 1 *. 

ORSER, Pennsylvania State University! USA, 
(1978). 

ORIGINAL PAGE IS 

OF POOR QUALITY 


6 ?- 


114 


B. Ground Temperature of General 
Land-Use Classes as Registered by 
tho HCMM Satellite 

Introduction 

Earth surface temperatures may be calculated 
and mapped from the infrared radiances (wave- 
length band; 10. 5 - 12. 5 pm) measured by the 
HCMM- radiometer. The data obtained by the 
HCMR are digitized to 8 bits units of energy 
(2 55 levels), equivalent to a temperature range 
of 260° to 340°K. In this range, the byte (pixel) 
counts can be converted to temperature using 
a formula derived from the Planck function 
and from calibration procedures, represent- 
ing radiometer performance (Subbarayudu, 

1979)* However, in the 11 pm atmospheric 
window, the slight absorption by water vapour, 
atmospheric gasses and aerosols causes the 
temperatures registered by the satellite to be 
lower than the true surface temperature. 

Some preliminary results (HCMM night-pass, 

2,13 GMT on 30 May, 1978) giving calculated 
ground temperatures for various terrain clas- 
ses are presented. Temperatures were all 
derived from the digital count of infrared mea- 
surements and no atmospheric correction was 
applied. Notwithstanding their momentary as- 
pect, surface temperatures may be associated 
with certain land surface features and also with 
certain subsoil characteristics influencing heat 
transfer (soil moisture content, porosity, 
mineral composition). 

Application of Computer Programs 

Computations were performed by means of the 
ORSER software package (Pennsylvania State 
University) (Turner et al, , 1978) after trans- 
c ription of th e HC MM- tape format into ORSER- 
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format NMAPW and STATS programme* were 
mostly used. 

Procedure and Results 

* 

Test areas, whose general land-use was known* 
were first located on an NMAPW visualization 
printout. Small training areas were then optic- 
ally identified through superposition of the 
NMAPW -printout on topographical, road, soil 
and forest maps. 

This operation was greatly facilitated by the 
use of a B & L Zoom Transfer Scope which 
allows for anamorphic correction so that dif- 
ferences in scale and deformations in printout 
can be amended. Certain recognizable land- 
marks were taken as references; major agglo- 
merations, forests* lakes, coast-lines. Line 
and element numbers (NMAPW) delimiting the 
selected polygon areas were then entered into 
the ST ATS- program. 

From the pixel count average of each training 
area, surface temperatures were calculated 
with the formula of Bohse et al. , 1979, esta- 
blished according to the performance evalua- 
tion of the Heat Capacity Mapping Radiometer 
(HCMR): 

T (I) = K 2 /ln |’k i /I-K 3 + l] 

where I is the calibrated count and Kj , K^, 
are constant. 

In this study it was intended to evaluate the 
temperature range for some of the larger 
land-use classes, recognizable on NMAPW - 
printouts and which could be related to some 
general surface or subsoil characteristics. In 
Table III.2.3 radiant temperatures may be com- 
pared for selected classes. 

Agglomerations (urban heat islands) are ge- 
nerally distinguished by their relatively high 
radiant temperature range. Apparently, the 

origmal FAGS so 

oc* poor_oual)TY _ _ 


largest cities also have the highest tempera- 
ture range* The lower temperature for Eupen 
might partly be explained by its elevated topo- 
graphic situation. Effects of topographic relief 
are also illustrated by a temperature differ- 
ence for the grassland training areas, one 
positioned in the Herve depression and the 
other one on the Herve Plateau. The lowest 
temperature was observed for the Hoge Venen 
(Haute s Fagnes) the highest plateau in the 
Belgian territory. 

Stagnant waters (Blankaart, Gileppe) are ob- 
served to be relatively cooler than coastal 
(Oostende) or navigable waters (Westerschelde). 
The temperature decrease of seawater surfaces 
as measured offshore from Oostende, at ap- 
proximately 25 and 50 km from the coastline, 
should also be noticed. 

Forests generally display a higher tempera- 
ture range than the surrounding area and 
couki thus be located on an NMAPW -printout. 
However, differences between species cannot 
be inferred although it appears from Tab, ixi-2. 3 
that deciduous forests are somewhat higher in 
radiant temperature as compared to conifer- 
ous forests. 

Temperature differences in the polder areas 
could, in general, be attributed to soil humi- 
dity (Gombeer, 1979). The lowest tempera- 
tures were observed especially for units de- 
scribed as heavy clay soils on peat (poel- 
gronden) and other soil associations with in- 
adequate drainage or high clay content (sandy 
to sandy/c lay soils on heavy clay: overdekte 
poelgronden). The heating and cooling charac- 
teristics of a soil largely depend on its ther- 
mal conductivity (i. e. on its heat capacity 
which will depend on moisture content). Moist 
$oil also has a cooler signature than dry soil 
because of the cooling effect as absorbed water 


is evaporated. 
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Table III 2.3. Comparison of Radiant Surface Tempera* 
tures (°C) for Training Areas of Various Land-Use Classes 
(HCMM night-pass on 30 May 1978 at 2*13 GMT) 

Class 1 - AggKvue rations 

Antwerp 13. 64°C (121 pixels) 


Brussels 

13, 50 

( 

II 

) 

Gent 

12.36 

( 

II 

) 

Luik 

12.36 

( 

II 

) 

Mechelen 

12. 55 

( 36 

pixels) 

Has se It 

12.44 

( 9 

H 

) 

Leuven 

12.07 

( 36 

It 

) 

Doornik 

12.07 

( 36 

if 

) 

Aalst 

11.92 

( 36 

If 

} 

Tienen 

11. 81 

( 9 

if 

) 

Bruges 

11.63 

( 36 

I! 

) 

lepe r 

11. 18 

( 9 

It 

) 

Vervier 

10. 19 

( 36 

II 

) 

Eupen 

8.69 

( 9 

11 

) 


Class 2 - Open Water 


Blankaart (Lake) H, 1 5°C 

Gileppe (Lake) 11.78 

Weste rschelde 

(Hontenisse) 12. 73 

Coastal water 

(Oostende) 12.09 


Offshore water (25 km) 11.07 
Offshore water (50 km) 9* 90 


Class 3 - Grassland 


Herve (depression) 

8. 50* 

5 c 

Herve (plateau) 

10. 38 


Class 4 - Forests 



Foret de Grunhauit 

10. 62* 

°C (mixed species. 



2 pixels) 

Heve rlee -bos 

11.00 

(mixed species) 

Meerdaal-bos 

10.69 

( " ) 

He rtogenwald 

10. 56 

(Picea) 

Cedrogne (Bois de) 

10. 85 

( " ) 

Omner Wald 

9. 93 

( " ) 

Zonien-woud 

11 . 79 

(Fagus) 

Foret de Freyr 

11. 07 

( " ) 

Foret de Merlanvaux 

10. 86 

( " ) 

Foret de la Roche 

1 1 . 98 

(Que reus) 

Class 5 - Polderland 



Moe ren 


8. 82 °C 

Dekkleigronden 


9. 08 

Poelgronden- 1 


7. 44 

Poelgronden-2 


7. 13 

Polders (Nederland) -1 


11. 02 

Polders (Nederland) -2 


11. 36 

Glass 6 - Agricultural Land (Leemstreek) 

Waremme (East) 9. 

74 °G (45 pixels, 11 km^) 

Landen (East) 9. 

89 

(60 pixels, 15 km 4 ) 


Class 7 - Miscellaneous 

Hoge Vonen (Hautes Fagnes) 6. 10°C 
Dunes (Veurne) 10. 92 

Remarks 

Although certain temperature ranges may be 
used for the purpose of comparison among 
different land-use classes, the following re- 
marks should be taken into account: 

- Training areas, in general, must meet the 
following requirements: small but sufficient- 
ly large, easy to locate and their radiance 
must be relatively homogeneous over the 
entire surface, Due to the low pixel resolu- 
tion (500 x 500 m) of the Heat Capacity Map- 
ping Mission as well as to the high degree 

of parcelling over the areas studied, some 
spectral inhomogeneity may be expected for 
the selected training areas. 

- Atmospheric absorption causes the radiant 
temperatures observed by the satellite to> 

be lower than the true surface temperatures. 
Satellite recorded temperatures can only be 
(and then only approximately), correct using 
meteorological observations at the various 
air pressure levels by balloon radiosonde 
ascent. Moreover, the effects of atmosphe- 
ric changes are usually so great that obser- 
vations should be made over each test site 
at the time of satellite overflight. Obviously, 
atmospheric correction data are generally 
acquired for few, relatively small surfaces 
mostly at random times. 

- Thermal infrared radiances and radiant tem- 
peratures derived from them, largely de- 
pend on the insolation conditions preceding the 
satellite overpass. These will not only vary 
during the daily cycle but also with season, 
meteorological conditions, etc. 


- The study of general thermal characteristics 
of land surfaces and the more so if it is to 
be performed at a regional or even larger 
scale, can best be approached by Intercom- 
parison of relative temperature ranges* Re- 
sults from such comparisons are likely to be 
more related to surface and/or sub-surface 
characteristics than to the momentary abso- 
lute temperature (radiance) level of a parti- 
cular feature of land -use class. 

C. Thermal Inertia Applications 
Introduction 

Studies on thermal behaviour of soils can pro- 
vide useful information on subsoil character- 
istics and on soil moisture. In such studies, 
the use of the thermal inertia product is par- 
ticularly interesting as it is more a volume 
property rather than a surface property which 
can be sensed by remote sensing devices. It 
permits discrimination between different ma- 
te rials with similar surfaces which can only 
be difficultly separated by their reflectance 
properties. The thermal inertia effect is rela- 
ted to the diurnal surface temperature varia- 
tion, having maximum and minimum values, 
which can be remotely measured by the HC MR 
through its appropriate orbit configuration 
(day/night overpasses). This paper presents 
the results on thermal inertia calculated for 
various land -use classes distributed over the 
Belgian territory. 

Many of the local environmental changes are 
due to changes in land -use. The removal of 
vegetation may locally influence micro -climatic 
conditions at the surface of the land (radiation 
budget, wind velocity, etc. ), 

From a change of vegetation to an artificial 
cov er, m any by - p r o due t s o f ind ustrialization 
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TABLE 111.2,4, Apparent Thermal Inertia (ATI) of Landuse Ctuisai calculated from HCMM day / 
nfQbt Digital Oata recorded over Btlgium on September 16, 1979. 


Land U» Class 


1 - a 

(•-apparent 

albedo) 




Ar{ K) ATI 
<T n - T n | Apparent 
thermal 
Inartla 


Urban land 


Gant 

Brugge 

Ooitande 

Antwerpen 

Brissal 

Verviers 

0.9426 

G.9357 

0,9269 

0,9476 

0,9487 

0.9263 

289,0241 

287.2390 

286.6472 

289,1540 

288.6748 

286.7274 

272,1262 

270.3583 

274,2760 

271,7142 

272.6838 

269.3374 

16,8979 

16.8807 

12,3722 

17,4398 

15,9912 

17,3900 

58,1360 

57,7693 

78,0794 

S&6224 

61.8295 

55.5140 

Forest 






Fagut: Araa 1 

Area 2 

0,9166 

0,9174 

280.5825 

280.9796 

27Q.5167 

270.8326 

10.0658 

10.1470 

94.9035 

94,2263 

Quercus! Neuville 
Esneux 

0,9225 

0.9190 

280.3871 

280.4425 

269,6383 

269.3374 

10.8488 

11.1051 

88.6208 

86.2470 

Plata; Hortogenwald 

Ommerwald 

0,9298 

0.9350 

279,4867 

278,9683 

266.8554 

265.5110 

12.6313 

13.4573 

76.7171 

72.4110 

Pinus; Gemeentebos 

Pijnven 
Kapellenbos 

0.9272 

0,9333 

0,9263 

282.1007 

281,8388 

232.1697) 

267,8191 

267.2798 

267,4348 

74,2816 

14,5590 

14,7349 

67,6624 

66L8098 

65.5172 

Mixed species; 

Mfcerdaalbos 

Heverleebos 

0.9167 

0.920t> 

280,8474 

281,8643 

268.9754 

268.9590 

11,8720 

12.9053 

80,4737 

74,3372 

Open water 






0*Schelde: Bergen op Zoom 

W*Scheide; Hontenlsse 
Coastal water; Oostende 

0,9798 
0,9724 
a 9674 

280.4720 

281.7550 

281.2326 

278,1765 

278.9010 

279.9212 

2,2955 

2.8540 

1,3114 

444.8475 

355.0929 

768,8152 

Grassland 






Herve 1 
Herve 2 

0,8705 

0,8733 

28a 81 68 

283.7273 

267,7607 

267.5059 

16.0561 

16,2214 

56,5040 

56.1081 

Bara nil 






Dunes: Nieuwpoort 

Oostduinkerke 
De Panne 

0,9186 

0.9049 

0.9058 

287.7000 

287,8037 

287.3605 

270,1875 

270.3624 

270.3786 

17,5125 

17.4413 

16.9819 

54.6675 

54.0720 

55.5900 

Sandy surface; 

Leopolds burg 

0.9039 

287,4403 

267,8899 

19,5504 

48,1854 


Notet Temperatures are given without atmospheric correction, 
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may also alter the local composition of the 
atmosphere» soil and water bodies (pollutants)* 
The concrete and brick surface of cities, for 
example, affects temperature conditions and 
urban "heat islands 11 are observed to be much 
warmer than rural areas* Some results of the 
Brussels "heat island" are presented in the 
second part of this paper, whereas the third 
part reports on some thermal anomalies ob- 
served in the vicinity of a nuclear power plant. 

Method end Procedure 

The HCMM-data were visualized and further 
analysed by applying the computer programs 
NMAPW, EXIO and STATS and following 
pixel (test area) positioning procedures (opti- 
cal superpositions with ZTS) described in de- 
tail in Sections A and B. Thermal inertia was 
calculated from day/night recordings over 
Belgium on 16 Sept. , 1979, using the algo- 
rithm proposed by NASA (1979)? 

ATI - ^ ^ (Apparent Thermal . 

^ Inertia) 

In the ATI algorithm it is assumed that the 
factor (1 -a) corrects the variable energy re- 
flection of different surface materials (given 
solar incidence). The factor C attempts to 
compensate for seasonal variation of solar 
input (BCMM User's Guide, 1979). 

Results 

Thermal Inertia 

Table 111.2,4 summarizes thermal inertia calcula- 
tions for different land -use classes of Belgium. 
It should be noticed that all day and night tem- 
perature values are given without atmospheric 
corrections. Referring to the calibration pro- 
cedure of Part 4, real surface temperatures 
(day) are expected to be about 9. 28°K higher. 


The following general conclusions are drawn 
from TableIII*2,4 hereinafter reported? 


day 

tern- 


a) for all land-use categories studied, T r 
temperatures are higher than T , 

ni 5 ..v 

peratures; 

b) except for some bare soil surfaces, urban 
areas always have the highest temperature 
during the day, The lowest day tempera- 
tures are noticed for certain forest types 
(Picea); 

c) during the night, except for water bodies, 
urban agglomerations are also highest in 
temperature; 

d) T . * , values are always highest for water 
' night 

surfaces ; 

e) temperature differences, T^^-T^.g^, are 
lowest for the open water category; 

f) albedo values are highest for grassland and 
for bare soil (dunes) and lowest for water 
surfaces. 


Average values for ATI are indicated in Table 
III. 2. 5. F rom these preliminary values it is anti- 
cipated that major land-use classes can be 
separated by the ATI-products and that even 
forest species (Fagus, Quercus, Picea, Pinus) 
may be discriminated. 

Table 111.2.5. Apparent Thermal Inertia (Average Value) 
of Major Land-Use Classes (Belgium) Heat Capacity Map- 
ping Mission: Sept. 16, 1979 


Land -Use Glass 

ATI 

Open Water: 

522. 9185 

Forest: Fagus 

94. 5649 

Quercus 

87. 4339 

Picea 

74. 5640 

Pinus 

66. 6631 

Mixed Species 

77.4054 

Urban Land: 

61. 3251 

Grassland: 

56.3060 

Dunes and Sands: 

53. 1287 
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D. Summary of Significant Results 


The following significant results have been ob- 
tained: 

1) Broad temperature patterns, optically dis- 
tinguished on NMAPW -visualization com- 
puter printouts, correspond fairly well to 
that of the Belgian geographic regions* Such 
correspondence was observed on night- and 
on day thermal recordings. 

2) The comparison of limits on the Belgian pol- 
der soils association map with EXIO-tem - 
perature printouts, reveals good correla- 
tions for the more humid soil associations 
(high clay content, inadequate drainage). 

3) During the night, cities and even small ur- 
ban areas (1 or 2 pixels) could be distin- 
guished due to their relative high radiant 
temperature, These areas could also be 
marked out individually by EXIO-tem pera- 
ture slicing. 

However, differences between forest spe- 
cies cannot be inferred only from their tem- 
perature range, although it appears that 
during the night deciduous forests are some- 
what higher in radiant temperature as com- 
pared to coniferous forest. During the day, 
forests were observed to be relatively cool- 
er than surrounding areas. By means of the 
NMAPW -classification and visualization 
program, it was possible to delineate forests 
and to calculate their areal extent through 

pixel counting (cf, following examples): 

2 

a. Meerdaal forest (13. 1 9 km ): 

51 HC MM pixel s - 12. 76 km ^ 

2 

b, Heve rtee forest (5. 5 km ): 

24 HC MM pixels = 6. 0 km 2 . 

4) Although temperatures remotely sensed over 
soil surfaces may be subject to a rapid 
change, some conclusions could be drawn 


from them as to surface or subsoil charac- 
teristics: relation with surface type or land - 
use category, distinction between certain 
soil units. 

5) The study of general thermal characteristics 
of land surfaces, and the more so if it is to 
be performed at a regional or even larger 
scale, can best be approached by intercom- 
parison of relative temperature ranges. Re- 
sults from such comparisons are likely to 
be more related to surface and/or subsur- 
face characteristics than the momentary ab- 
solute temperature (radiance) level of a 
particular feature or land-use class. 

6) The Apparent Thermal Inertia (ATI) per- 
taining to major land -use classes of Belgium 
were calculated. From preliminary average 
values it is anticipated that major land-use 
classes (i. e, open water, forests, urban 
land, grassland, bare soil) can be separated 
by the ATI-product and that even forest spe- 
cies (Fagus, Quercus, Pice a, Pinus) may 

be disc riminated. It should be remarked that 
these AT I- values are obtained through opti- 
cal registration procedures using digital 
printouts of day and night radiance data. 

7) In performing HC MM -data analysis, a com- 
bination of digital together with optical in- 
terpretation methods proved to be most 
appropriate. It consisted basically in the 
optical superposition (Zoom Transfer Scope) 
of maplike computer classifications with 
thematic maps and image ry (e. g. Land sat), 
Such procedure was necessary as a conti- 
nuous comparison had to be made with 
ground information or former classifica- 
tions, Land sat imagery was most useful for 
pixel locating purposes on the HCMM com- 
puter printouts (classifications). In this 
manner the Landsat image was also con- 
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side red as containing part of the recent 
ground information needed for a specific 
thermal interpretation. 

8) It is clear that the accuracy of proposed 
methods will depend on the degree of spec- 
tral homogeneity of each area or feature 
studied. Due to the low pixel resolution 
(500 x 500 m) of the Heat Capacity Mapping 
Mission, especially with respect to the 
high degree of parcelling encountered over 
the Belgian territory, some spectral in- 
homogeneity is to be expected. 

Obviously this relatively "coarse 11 spatial 
resolution might interfere with all inter- 
pretation results obtained and a higher re- 
solution would have been more appropriate 
for thermal studies on land surfaces in 
Belgium. 
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Introduction. Basic Approach 

The aim of this research was to evaluate the 
influence of static physiographic aspects (geo- 
logy, hydrogeology, pedology) on the HCMM 
thermal response in relation to the dynamic 
aspects (vegetation cover, land-use, etc,). 
The approach adopted is based on the deduc- 
tion of reciprocal inferences between buried 
structures and surface patterns. Indicators 
such as vegetation and humidity content of the 
subsoil insaturated region are evaluated qua- 
litatively in the thermal imagery by exami- 
ning /'structural distributions 1 ' as well as 
"thermal anomalies". 

A number of existing physical maps (orogra- 
phic al- hydrographical), integrated by a few 
Land sat false colour composites ( when avail- 
able) are employed as a "ground truth". 

During interpretation, special attention is 
given to the tone as well as to the analysis of 
forms and their spatial distribution (morpho- 
logy and structure), 

This approach leads to thematic maps mainly 
of hydrogeological character of the area co- 
vered by HCMM. An original type of legend 
illustrates the logical passage between geo- 
morphological, vegetational- anthropologic 
aspects of the identified surfaces and the 


buried hydrological aspects deduced (see Fig. 

111,2,38). InFig. III. 2. 39 a theoretical logical model of the 
thermal behaviour of various earth bodies is 
reported. It was set up as a valid scheme for 
HCMM imagery interpretation and can be im- 
proved. The role of thermal inertia properties 
of materials appears evident for interpretation 
and classification in the hydrogeological field 
both structural and applied. 


The area investigated encompasses the whole 
Po Valley, in Northern Italy. It is one of the 
most interesting examples of a South -European 
hydrological basin. It was selected for inter- 
pretation mainly due to the availability of 
"ground-truth" cartographic documentation. 

The HCMM imagery for this investigation is 
provided by a section of an HCMM scene of 
3 June 1978 (day and night). These images 
have a low cloud cover. Their densitometric 
and scanning quality is very good. A Test- 
Image (T I) for the same date has been also uti- 
lized for a preliminary interpretation. 

The Standing Order (SO) imagery utilized were? 

Day - VIS 
Day -VIS 


# 

Zone Investigated. HCMM Imagery and Maps 
Used 


A-A0038 - 12460-1 (Fig. III. 2. 40) 
A-A0038 - 12460-2 (Fig.IH.2.41) 
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Mght-IR A-A0038 - 01491 -3(Fig.III.2.42) 
The Test Image (TI) imagery utilized was: 
Night-IR A-A0038 - 0149U3{Fig.III.2.42) 
The thematic mapa used were: 


hydrologic map 
geologic map 
pedologic map 
soil potentiality map 
land-use map 


l : 1,500,000 
1 { 1,000,000 
l : 1,000,000 

1 i 1,000,000 
1 : 1,000,000 


The last one is a remapping oi an original map 
l ; 250, 000 made by the Italian Ministry of 
Agriculture and Forestry. 


scape families) one respects, as much as 
possible, the intrinsic physical realities 
which have been recognized on the scene. 
Oceanographic and urban boundaries are 
purposely considered apart, Attention is 
devoted to physiographic boundaries only. 

- The cartographic classification-deduction- 

interpretation phase, done with the stereo- 

* 

plotter in the successive key-step of the 
analysis* Information from the stereo* 
plotter and colour density slicing leads to 
definitive interpretation results which are 
transferred on to the final deduced physio- 
graphic map# 


Method and Activity Performed * 

Instrumentation 

The interpretation of the HCMM scene was per- 
formed In an analog way Using an OMI stereo- 
plotter (analog-anamorphic), a densitometer 
and an equidensitoseope, The superposition of 
HCMM thermal images on basic maps or 
Landsat transparencies was possible with an 
error of 2 HCMM pixels. 

Four colour levels were utilized by electronic 
density slicing. 

Analysis Support of Meiftologlcel Process 

Fig.nL2.42a illustrates the block-diagram of the 
various interpretation steps i 

- Image visualization is first made on the 
HC MM transparencies at * 1 \ 4, 000, Q00 
original scale in order to find control points 
for further cartographic approach with ste- 
reoplotter. 

- The first interpretation process step is based 
on grey tone discrimination. Boundaries be- 
tween homogeneous zones are traced out 
(structure and texture). Without delimiting 
isophe nic zones (i, e. creating genuine land- 


Superposltlon-lnterpretatlon Procedure 

The analog-anamorphic inte rpretaHon was 
made after superposing a sector of the 
HCMM images On the corresponding entire 
extent of the hydrological map l : l, 500, 000. 
The analysis of the other maps, 1 ; 1, 000, 000 
was performed on an enlargement of the hydro- 
geological deduced map where the unknown 
boundaries were reported for comparison. 
Afterwards the first deduced map was super- 
posed on the remaining thematic maps. As a 
result of this approach a final deduced thema- 
tic map is obtained for each HCMM image 
(monotemporal analysis). 

Flgs.III.2i43, 44, 45 represent the final inter- 
pretation maps of the HCMM scene of 3 June 
1978 for DVIS, DIR and NIR, One can notice 
that they are denominated ’'hydrogeological 11 
maps} this depends on the legend where hydro- 
geological terms are dominant. But they con- 
tain a lot of information deduced from the 
other thematic maps 1 { 1,000,000 and repor- 
ted in the analytic tables (see 4. 1). 



Fig. III. 2. *2. NIR HCMR thermal image of Northern end Central Italy (3 June 1978, *cale 1 4,000.000) 
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Ftg |M 2 42a. Block diagram o* tha analog .ntarpratation approach of HCMM imagtry of tha Po V allay (Northarn Italy ) 
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Map of the main hydrological aspects of the Po Valley derived from the interpretation of a MCMM thermic image (mission of the satellite EXPLORER A. DAY IR 
June 1978) 
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TABLE 111.2.6. DVIS HCMM I mag* (3 Jurw 1978, 1.30 p.m.) 
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TABLE 1 11.2.7, 


Physiographic Class 

Degree of Significance 

Hydrogeology 
Geology 
Pedology 
Land -Use 

Soil Potential Affec. 

very significant 

significant 

little significance 

very little significance 

insignificant 


Physiographic 
Subject (class) 

Boundaries 

Length 

(km) 

Parameters 

A% 

Bft (*) 

Geology 

1713 

71 

67 

Hyd rogeology 

1966 

82 

79 

Pedology 

1014 

42 

35 

Soil Utilization 

534 

22 

12 

Soil Potentiality 

346 

4 

4 

Total 

1 

2424 

(*) 268 km are of phy- 
sio graphically in- 
significant subjects 


TABLE lll.2.a NIR HCMM image (3 June 1978 , 2.30 a. m. ) 


Physiographic 
Subject (class) 

Boundaries 

Length 

(km) 

Pa ramete rs 

Af* 

B% (*) 

Geology 

416 

17 

27 

Hydrogeoloy 

1022 

41 

65 

Pedology 

1016 

41 

36 

Soil Utilization 

72 

3 

5 

Soil Potentiality 

900 

36 

29 

Total 

2482 




TABLE II 1.2.9. 


Physiographic Class 

Degree of Significance 

Hydrogeology 

Pedology 

Geology 

Soil Potential Affec, 
Land -Use 

Significant 
Little significance 
Very little significance 
Very little significance 
Insignificant 
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Results 

Classification of Identified Structures and 
Probabilities of Correlation with Actual 
Physiographic Lineaments 

One define* "structure” as a set of objects 
forming a homogeneous class with respect to 
their spectral response. 

The fundamental problem of structure classi- 
fication is to determine - through an appro- 
priate and simple procedure - the degree of 
correspondence between the structures identi- 
fied on the thermal HCMM images and the 
physiographic characters (geologic, pedologic, 
hydrologic, etc.) of the land under investiga- 
tion, This tan be achieved through the analysis 
of the physiographic mean of the separation 
boundaries between structures, i. e. by means 
of the following procedure: 

A) 1. Adding up measured lengths of bounda- 

ries of each physiographic class (geo- 
logy, hydrology, land -use, etc. ) 

2. Adding up measured lengths of all boun- 
daries on the image 

3. Calculating the percentages 

. for each class referred to the whole 
boundaries set, 

» id. but excluding the contribution of 
the classes insignificant for the image 
interpretation. 

B) l. Establishing a qualitative table of the 

identified structures 

2. Deducing an importance list of classes 
(physiographic subjects). 

These procedures have been applied to the 
DYIS and NIR images of 3 June 1978 (see 
Tables III. 2. 6 and 7). 

Discussion of the Results of HCMM Imagery 
Interpretation 


Classifying identified physiographic struc- 
tures has shown that hydrological characteris- 
tics offer the beet identification out of the 
HCMM images. It has been also confirmed 
that the success of the inductive interpreta- 
tion approach of satellite thermal imagery is 
based on the correlation between buried struc- 
tures and surface patterns which are charac- 
terized by typical indicators (i. e. water con- 
tent of insaturated subsoil zones, vegetation 
type, etc.). 

1. Day-VIS Image (3 June 1978, 1.30 p.m. ) 

As a first step it was considered useful to in- 
terpret the DVIS image due to the complemen- 
tary role of their information to the Day-IR 
and Night-IR images. 

The following information has been obtained: 

1. The hydrogeological network (rivers, lakes, 
lagoons) stands out very clearly and details 
can be easily identified. 

2. The surface moistured areas are well de- 
fined and can be recognized. This top soil 
humidity is mostly of anthropic origin 
and has been localized within the late- 
reclaimed areas, i. e, Novara waterways, 
reclaimed land around Ferrara. 

3. The deeper moistured areas are more dif- 
ficult to recognize* Nevertheless, analo- 
gic superposition on the hydrologic thema- 
tic map 1 j 1, 000,000 led to a clear loca- 
lization Using shape -and -tone analysis. The 
best results were found for areas with 
strong imbibition. 

4. Large urban agglomerations have been 
easily identified. 

5. Relief does not stand out at all. 

2. Day-IR Image (3 June 1978, 1,30 p. m> ) 

The following physiographic characteristics 
were deduced: 
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lithology; some deep lithologic structures 
were singled out with great 
precision 

morphology; from a morphological point of 
view it has been found that re- 
lief boundaries can be well 
cha racterized. 

Small scale of HCMM demon- 
strates contributing to a sim- 
plification of such boundaries 
within the scene context, 
hydrography; the main hydrographic network 
results depicted by a very good 
contrast with the environment, 

Only minor canalization net- 
works and small rivers are 
difficult to recognize. Lake 
borders and coast lines are well 
depicted. 

hydrology ; surface -moisture a reas are ve ry 
difficult to define into bounda- 
ries instead of the deep-moist- 
ure ones. It is possible to iden- 
tify zones of upwelling, display* 
ing the transition from highland 
aquifers (generally of restricted 
area) to lowland aquifers (more 
diffused). Preferential direc - 
tions of underground water drain- 
ages are also identifiable. 

The most relevant thermographic aspects of 
this image may be summed up as follows; 

hottest points; agglomeration (urban and indus- 
trial), bottom of valleys 
warm zones; mostly situated in lowlands with 
various thermal gradients de- 
pending on texture and/or mor- 
phology 

cold points; distributed mainly in highlands, 
along the Alpine area and the 
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Apennine Chains, 

Lakes and sea appear cold, 
due to their high thermal in- 
ertia. 

In conclusion, the DIR Image contribution is 
quite significant for the characterization of 
lithological and hydrogeological structure, but 
it only contributes on a small scale to defining 
humid areas. 

3. Night-IR Image (3 June 1978, 2, 30 a. m. ) 

As for DIR this type of image was the object of 
a thorough analysis. The following physiogra- 
phic characteristics were deduced; 

lithology; information obtained does not ap- 
pear to be as comprehensive as 
for IR Day-Image. Nevertheless, 
the possibility of individualizing 
some buried structures was veri- 
fied, mainly along the Alpine arc 
(the boundary zone with lowlands) 
and within the hilly area of "Colli 
Euganei" near the city of Padua, 
where the identification turned 
out to be very satisfactory, 
morphology; relief does not stand out clearly 
hydrography;the hydrographical network is 
not easily identifiable. In prac- 
tice one can identify only the Po 
river. Lake contours are very 
difficult to individualize, 
hydrogeology; surface -moisture zones can be 
defined pretty well; irrigated 
areas are distinguishable from 
moistured areas by re -ascending 
underground waters. The latter 
areas extend along the foot of the 
Apennines. Inversely, deep- 
moisture areas are difficult to 
define. 

The most relevant thermographic aspects of 


this image may be summarized as follows? 

hottest points; cities and humid zones (irri- 
gation, reclamation) lagoons, 
and sea 

warm points; plains, lake*, some mountain 
slopes in valleys and humidity 
bands along Apennines 
cold points; highlands. 

In conclusion the NIR image appears to be a 
very significant contribution for highly sur- 
face-saturated zone characterization, It ap- 
pears to be less important for a structural re- 
composition (relief, morphology). Information 
provided for lithological characterization is 
rather contributive. 
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A. Wind-Induced Microclimatic 
Differences Detected from Thermal 
Scanner Data 

W. Nilbler 

Geographisches Instltut I d*r Universil&t 
Freiburg, Deutschland 


Introduction 


climatic differences can definitely be deduced 
from thermal scanner data, The possibilities 
and limitations of tracing cold air in thermal 
images have been covered (NUbler, 1978) and 
the effects of low-altitude breezes are here 
investigated and reported. 


i 

Interpretation of MSS Aircraft Date, 


Since more advanced remote sensing methods 
have been available* the solution of climato- 
logical questions as the evaluation and moni- 
toring of wind action has alway s been looked 
upon as one promising application. 

A reserved attitude is still prevalent on whe- 
ther and to what extent a climatological inter- 
pretation of remotely sensed thermal data can 
be give n fo r s uch mic ro- and meso-climatolo - 
gical applications, 

In fact, thermal scanning means recording 
the radiation emitted by the earth's surface, 
while the climatologist is concerned with the 
air layer above this surface. Although it is 
evident that the lower boundary layer of the 
atmosphere is influenced by the underlying 
surface, interrelations are so complex that 
unequivocal interpretation is very difficult to 
obtain. But unde r c e rtain c on dit Ions mic ro- 


The effort made by the Geographisches Insti- 
tttt I der University Freiburg was concentrated 
on two examples of the wind effect on the city 
of Freiburg and an area situated 8 km north- 
west in the Rhine Valley. 

The experiments in the investigation area *'BLack 
Forest -Rhine Valley 11 included some flight cam - 

paigns with a multispectral scanner (BendixM S) | 

b 

taking, place under the sponsorship of the Deut- | 

sches Flugzeugrnessprogramm (DFP) in 1976, f 

11 

H 

j! 

Each campaign comprised flights, three times I 
a day, at three different levels (1000, 2000 and | 
4000 m above ground level). The data recorded ( 

i 

in the 8-14 pm thermal channel were processed | 
with the digital image processing system DIB IAS | 
of the DFVLR in Obe rpfaff enhofe n/ Munich. ? 


A rough representation of the test area is given 

in Fig, III. 2,4 6, It shows the Black Fore st-Rhine Val 

ley bounuary and the isolated Kaiserotuhl, a 

2 

mountainous area of about 90 km . The two ex- 
amples will show the greater part of the city of 

2 

Freiburg and a 16 km area situated in the 
Rhine Valley; these areas are shaded in 
Fig.IIL2.46, ^ 

recording wind speed and wind direction. Of 
these, Feldberg (I486 m) is the highest point 
of the Black Forest and therefore is nearest to 

free atmosphere conditions over Southwest 
Germany. Of the remaining three stations, 
Bremgarten represents best the Rhine Valley* 

In Freiburg and - less frequent - Bad Krozingen 
wind direction is influenced by valley winds 
from the Black Forest. 

City of Freiburg 

iV„ \; *e 4a is a thermal image of Freiburg taken 

V * 

before sunrise on 1 April l 976 from an altitude 
of 4000 m. Surface temperatures (ST) range 
from below 0°C to over 10°C, Air temperatures 
were recorded simultaneously and ranged from 
6.2 to 10. 4°C . 

The distribution of ST corresponds to what one 
would expect: for example the wooded hillalopes 
east of the city appear with high ST as radia- 
tionai cooling can be compensated for by upper 
and warmer air. Normal too, is that the lowest 
ST occur over short grass as e. g. on the air- 
field near the northwest corner or that the city 
centre with its concentration of massive buil- 
dings has relatively high ST, It should be noted, 
however, that the southern part of the city centre 
displays considerably lower ST compared to the 
northern part, although the type and density of 
the buildings are the same, On the other hand, 
the southwestern suburbs are in large areas 2 
to 3°C warmer than the adjacent northwestern 
suburb s t although here again the structure is 


similar. This can be seen best in FigJIL2,49b,an 
.equidensity representation of Fig, III, 2, 49a. 

After applying a digital low-pass filter the 
0. , , , 5°C range of the original data (Fig.IXI.2.49a) 
is split into 5 grey tones representing 1°C each; 
white it lower than 0°C, black is warmer than 
5°C* 

The problem of differing ST in regions of the 
town with comparable structure can be explained 
by the influence of a local circulation system. 

Under anticyelonic conditions at night cold 
air flows from the slopes and valley of the 
Black Forest towards the Rhine Valley. 

The wind field in the urban area of Freiburg 
under the influence of a well developed moun- 
tain wind system is shown in Fig.IIL2.47a. -47b 
shows that a similar wind field occurred when 
the thermal image (Fig.IIL2.49a) was recorded on 
1 April 1976 between 5 a. m. and 6 a. m. 

Although the gene vl wind direction is West to 
Southwest (Feldberg), in Freiburg southeast- 
erly wind prevails throughout the night. 

Due to the topographic situation, with the city 
centre slightly north of the opening of the 
Dreisam valley, this stream of cold air 
reaches only the southern part of the city 
centre, cools it and displaces its heat island 
westwards, thus warming the western suburbs. 
This explanation is confirmed by extensive air 
temperature measurements and by registra- 
tions of wind speed and wind direction. 

This means that when the structure of the sur- 
face cover is known and corroborative evi- 
dence from ground truth measurements is 
available, the cooling of surfaces by cold -air 
flows and the extent of their influence can be 
deduced from thermal images. 

Rhine Valley 

In the second example it is more evident that 
wind must have shaped the distribution of ST. 







ORIGINAL PAGE IS 
OF POOR QUALITY 



Ffc. Ill, 2.47*. Wind speed and wind direction at 10 stations in the urban area of Freiburfl under the Influence of the mountain 
wind system (20.9,71, 5 h)* The solid line delimits the Black Forest * Rhine Valley boundary; see also Fig, IN, 2.46. 
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FI*. IM.2.48. Wind ipMd *nd wind direction (1,4.76, 12 h» 2,4,76, 12 b). 
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The area covered in Fig,III,2,50a i» situated 8 km 
northwest of Freiburg in the Rhine Valley 
(see FigJII,2,46). The villages Gottenheim and Um 
kirch are near the upper left and lower right 
corners, respectively. The region is partly 
wooded and partly open field. The thermal 
im&gafc was recorded from an altitude of 2000 
m on 2 April 1976, before sunrise. 

Again the forests are warmest with ST between 
5 and 10°C. The most remarkable feature, 
however, are narrow zones of lower ST on 
most northern margins of forest areas. It is 
clear from the two facts that the formation of 
these thermal shades is a wind effect: a) they 
are all oriented, even streamlined, in the 
same direction, although the fields north and 
south of the patches of wood are exactly of the 
same type, and b) they do not occur on other 
recordings of the same region, i. e. with dif- 
ferent weather conditions. 

However, at that stage it was not yet possible 
to demonstrate quantitatively alterations of 
ST in a thermal shade. By the use of a cali- 
brated scanner together with digital image 
processing, this may be now achieved. Figure 
5b shows that ST in thermal shade areas dif- 
fer > 5°C from ST in the open parts of the 
region. 

More detail is given in Fig. III. 2. 51 a/b which was 
recorded from an altitude of 1000 m and con- 
sequently has a better resolution (pixel size 
2 x 2 m). It may be noticed that even a row of 
trees along a road causes differences in ST of 
6°C in the adjacent fields. Another marked 
feature is the strict north-south orientation of 
the thermal shade contours. 

So far the argument that the described thermal 
shades are wind-induced, rests on indirect 
evidence. However, FigJII.2.48 reveals that the 
registration of wind direction supports this 



view; in fact there wa* a fairly strong southern 
wind in the Rhine Valley (Bremgarten 5. 3 m/s) 
which prevailed, more or less unchanged in 
direction, for over 5 hours, after which, at 
5. 40 a. m. the thermal image was recorded. 
This direction corresponds to a continuous 
and strong (16.0 m/s) south-westerly wind at 
the Feidberg station. Neve rthe less, easterly 
directions prevailed throughout the night in 
Bad Krozingen and Freiburg. 

It is clear, then, that the thermal shades on 
the northern margins of forests are due to 
southern wind. The physical explanation would 
be the following: radiative cooling produces 
low ST and consequently cold air near the 
ground. Where this air is exposed to a conti- 
nuous wind, it is mixed with warmer air from 
upper layers. Any obstacles disturbing the 
windflow, however, will reduce wind speed to 
such an extent that mixing, on their leeward 
side, is also reduced and the cold air can ac- 
cumulate. Everywhere on the open fields ST 
would, without wind -induced mixing, corre- 
spond to those in the thermal shade areas. In 
this case, contrary to the first example, wind 


action generates higher ST in the thermal 


image than there would be without wind. 

Conclusions 



It has been demonstrated that the interpretation 
of thermal images can lead to the detection of 
wind-induced microclimatic differences. One 
example shows that the cooling of otherwise 
warmer surfaces can be attributed to wind. On 
the other hand, in the second example, higher 
ST in an otherwise colder environment - as 
seen from the low ST in wind -sheltered areas - 
can also be the result of wind action. There- 
fore, the conclusion drawn from these two ex- 
amples must be, that, although thermal images 
are a unique tool to delimit the extent of wind 
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effects, for a correct interpretation ground 

truth data are essential. 
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B. Thermal Imagery as a Tool to Delimit 
Vineyard Sites liable to Cold*Alr Damage 

W. Endflchtr 

G#ogr«phischC5 Institut I Univ«f9ltit 
Frtlburg, Odutschiand 


Introduction 

The wine-growing legislation in the European 
Community requires a strict delimitation of 
the area provided for the growing of quality 
grapes. All these decisions are taken by a 
group of experts. In the integral part of their 
expertise the influence of topoclimatic factors 
such as inclination and exposition, the abso- 
lute height over sea level and the risk of frost 
damage must be considered. This is the con- 
sequence of the fact, that in Central Europe 
Vines grow near their polar frontier. It is not 
^ difficult to calculate the input of solar energy 
on slopes with different orientations and to 
predict the physiologic reactions of the plant. 
However, it is still a problem to fix the low- 
est altitude of vine -growing in a hilly terrain. 
The limitation factor is the radiation frost in 
spring and autumn, which makes the cultiva- 
tion of vines in valley bottoms impossible. Al- 
though the quality and quantity of grapes is 
strongly influenced by lakes of cold air, in 
most parts of German wine-growing areas 
there are only estimations of the extension of 
cold air areas liable to frost damage. Experts 
in viticulture and agrotopoclimatology are 
searching for solutions to this problem. Many 
of them look upon remote sensing techniques 
as possible tools in this respect. 

In doing so, attention must be given to the dif- 
ferent scales of the region concerned. In con- 
sidering regions like the Upper Rhine Valley, 
the Rhone Valley or the Champagne, the em- 
ployment of satellite data may be useful in de- 


termining the cold air influence in a scale of 
2 

some 2 50 »* 1000 km . For the scale of some 
2 

100 km and smaller, however, we must still 
utilize thermal images from air planes. 

Milttodi and Data Uaad 

UF/GI used the same DFP's flight campaign 
data sets as for wind-induced microclimatic 
difference detection- Multi-spectral scanner 
images of the Kaiserstuhl were produced. This 
little mountainous region in the southern part 
of the upper Rhine Valley is well known for its 
famous vineyards. 

The examination of the spring campaign showed 
that it was not possible to determine stagnant 
cold air from the temperature of the bare soil. 
Its temperature differs with the pedologic fac- 
tors such as type, water content, heat capacity 
of the bedrock etc, > its representation in a 
thermal image is, therefore, determined by a 
multitude of interrelated factors. On the con- 
trary, from the beginning of July the vine leaves 
form a rather homogeneous cover which has a 
much more moderate heat capacity than the 
bare soil. Therefore, it is possible - if topo- 
graphy and vegetation cover of an area are 
known - to infer from the temperature of the 
vegetation - in this case vine and tree leaves - 
the temperature of stagnant cold air. The fol- 
lowing thermal images date back to the calm, 
clear night of July 16, 1976, in the hours be- 
fore sunrise. The flight heights were 3600 m 
and 800 m above ground level. Parallel to the 
flight campaigns, mobile measurements of the 
air temperature in 0. 7 m and 2 m above the 
ground level in the test sites were made. The 
digital image processing consisted of three 
parts: in the first step, enhanced original ther- 
mal images were generated for a qualitative 
interpretation. In the second step equidensities 
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of surface temperature at intervals of 1°C were 
made and covered with pseudo-colours. Third- 
ly, these equidensities were transferred to a 
topographic and vegetation map. 

Delimitation of Cold Air Influanca 

Subregional Scale , Entire Kaiserstuhl, 
ca. 100 km 2 , 180-550 m above sea level 

Fig.III.2.52 is an enhanced thermal image of the 
Kaiserstuhl subregion from 3600 m above 
ground level. An interpretation of the image 
shows three zones of different grey tone: A 
dark one which represents the rather low tem- 
peratures of the Upper Rhine Plain, a medium 
one which comprises the slopes and a light one 
forming a sort of horseshoe which shows the 
warm forests of the mountain ridge. In the 
eastern part of the image 21 valleys may be 
distinguished with cold surface temperature 
entering from the plain into the hills having 
higher temperatures. In the south-western 
part, the warmer slopes are dominating as the 
relief is steeper and consequently the cold air 
originating from these slopes can flow off 
directly into the plain, The western valleys 
(3 G, 4 F) which have very low surface tem- 
peratures are well known for their increased 
frost risk. The vine-grower avoids planting 
vines in these valley bottoms. The high sur- 
face temperatures of the central part may be 
explained by the different energy balance of a 
forest. The cooling of the tree leaves - some 
10m above ground level and 200 m above the 
plain - is reduced by the screening of tree tops 
against the sky and by the energy of the rela- 
tively warm air above the boundary layer in- 
version. 

Fig. III. 2. 53 shows a map of the Kaiserstuhl with 
isanomales of the surface temperature. The 
0°C -line represents the medium surface tem- 
perature of the plain. The map shows the very 


sharp delimitation of the Kaiserstuhl, really 

a warm island in the middle of the cold plain. 

The vine slope, are 2-3°C warmer than the 

o 

plain, the mountain ridge more than 3 C, in 
most parts more than 4°C. 

Local Scale , The Vineyards of a Single 
Kaiserstuhl Village, ca. 1 km 1 

To delimit cold air influence in the scale of 
single hills and slopes, it is necessary to 
digitally enlarge a part of Fig.III.2.52 in Fig.III.2.51 
can now see some more details which are im- 
portant for the appraisal of cold air influence. 
Very striking are the low surface tempera- 
tures in the Schambach Valley (3/4 F/l), al- 
though there are numerous fruit trees. The 
forest situated on the top of the mountain 
ridge and the buildings and streets of the vil- 
lage have the highest surface temperatures. 

The isanomales of the surface temperature in 
Fig. III. 2. 55 pe rmit a ve ry detailed delimitation of 
the areas influenced by the cold air. It was 
possible to show by mobile measurements of 
air temperature in 10 clear nights, that the 
limits of relatively cold surface temperatures 
and air temperatures correspond very well in 
the valley bottoms as well as on the lower 
parts of slopes. It would, therefore, not be 
very reasonable to transform the fruit trees 
and vegetable fields in the Kaiserstuhl valleys 
nor the greenland and corn fields of the Upper 
Rhine Plain into vineyards as there is evidence 
of nightly cold air layers in these parts. 

Stagnant Cold Air on a Single Vine Terrace, ca . 

0.01 km 2 

The detection of surface temperature in a 
scale of acres or hectares is only possible 
if the height of the flight is reduced to 1000 - 
2000 m above ground level. Fig. III. 2. 56 shows 
the equidensities of surface temperature of 
a single vine terrace (2.4 ha) taken from 
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750 m above ground level* The newly formed 
large terraces are inclined against the slope* 
as it is shown on the topographic draft (Fig. III. 2. 57). 
The surface temperatures on FigJII.2.56as well 
as the air temperatures on FlgJII.2.58 show that 
the terrace forms a "cold air trap' 1 . At the 
inner part of the terrace* the temperatures 
are nearly as low as at the valley bottom. The 
influence of cold air in all calm* clear nights 
of the year and the frost risk in spring and 
autumn is enlarged, This is an example which 
indicates that the remodelling of agricultu ml 
landscapes* with the formation of new terraces* 
initiated to facilitate economic procedures in 
agriculture* is not compatible with the de- 
mands of agrotopoclimatology. 

Conclusion* 

Digital processed thermal imagery seems to 
be a very suitable tool to delimit frost prone 
areas. However, the contours of the terrain 
and nature and height of its vegetation cover 
should be known in order to avoid incorrect 
interpretations. Proceeding on this assump- 
tion, the precision of this investigative method 
surpasses by far all other conventional tech- 
niques for the mapping of frost hollows. 
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5. Geographic Measurements on 
METEOSAT-1 and HCMM Imagery Recorded 


over Northern Africa 

Uborattmum voor 8od«mgen«$« tn Bocterngtograpftis, 
umversiiteu Uuv«m B#!gi* 

Introduction 

In this study an expo riment has been made to 
correlate area measurements obtained from 
HCMM with those obtained through a Meteosat 
image analysis of the same areas* 

The Meteosat satellite is stationed in a geo- 
stationary orbit at nearly 36, 000 km above 
the Equator and the Greenwich meridian 
(0 degrees N, 0 degrees E). Radiance data 
from the full Earth disk are acquired every 
30 min. by a three -channel radiometer. It 
operates in the visible region of the electro- 
magnetic spectrum (0. 4-1, 1 pm), in the infra- 
red region (10* 5-12. 5 pm) and in the water 
vapour emission band (5. 7-7. 1 pm). The spa- 
tial resolution in the visible band is 2, 5 km 
at the sub-satellite point, and 5 km In the 
other bands. The unique orbital position (syn- 
optic overview) of the Meteosat spacecraft and 
the high repetition rate (half hourly) of its ima- 
ging radiometer are particularly useful for 
studies of large-scale features and for analy- 
sis of short-lived phenomena. The high image 
repetitivity also ensures the recording of ra- 
diance data, at random visibility, over areas 
which are cloud -cove red most of the time. 

The objective of this study was to examine 
whether measurements on small-scale synop- 
tic imagery could assist in the monitoring of 
transitory phenomena on the ground like flood- 
ing, grass lives, etc. The zone selected for 
this experiment is in North Africa (Tunisia), 
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Quaintlmat 720 Imaga Analysar 

The electronic image analysis was performed 
with basic Quantimet 720 equipment (Cambridge 
Instruments)! comprising an epidiascope, a 
Vidicon camera with aspherical Canon lens* 

(FS 55 mm, f/1.2SSC), a display and system 
control unit with shade corrector! Standard 
Detector, Densitometer, image Editor and 
Variable Frame and Scrle Module. The elec - 
tronic light pen (Image Editor) and the Vari- 
able Frame and Scale Module are both inter- 
actively connected with each Individual image 
detector (Standard Detector/Densitometer). 

The epidiascope projects a specimen image 
onto fch$ face of a vidicon tube. The image so 
formed is scanned by a 720 -line vidicon scan- 
ner and is digitized spatially into a standard 
matrix of 500, 000 picture points with a vari- 
able live -frame (Variable Frame and Scale 
Module) represented on the vL {play. The out- 
put of the scanner is passed to a detector 
(Standard Detector of Densitometer) that se- 
lects features for measurement in terms of 
their common grey-level characteristics, 

The signal of a detector Can be amended by 
direct manual interaction on the display with 
the aid of a light pen (Image Editor Module). 
Each performed operation is displayed on the 
screen, showing detected features, the mea- 
surement being made on them and the digital 
results (Gombeer and D Tioore, 1970). 







Procedure 


The limit of each soil unit to be measured was 
drawn from the FAO-map (1 000, 000, 1973) 

on transparent paper on which areas were cir- 
cumscribed and measured with the electronic 
pen on the video display after calibration of 
the instrument. Meteosat images used for ana- 
lysis were good quality paper prints of re- 
cordings all from the visible wavelength chan- 
nel (0. 4«1, l pm) at different dates (Table III. 2.11)* 
The HCMM satellite imagery used were trans- 
parencies from the visible band (0. 55-1 . 1 pm) 
of the Heat Capacity Mapping Radiometer. 

Areas were measured directly on these ima- 
ges, represented on the display, with the aid 
of the light pen (Image Editor), Patches that 
appeared as homogeneous in grey value on the 
image or homogeneous pattern Of such patches 
were manually delineated, Such patches were 
previously identified by optical comparison of 
the imagery with soil and other maps. The 
scale of the imagery was calculated by com- 
paring distances between two reference points 
(easy to locate on coastlines) both on the image 
and on the soil map (1 :5, 000, 000 approx. ). 

Results 

Chott Dje rid areas (Tunisia) can be easily de- 
picted on Meteosat-imagery (visible channel) 
through their dark spectral signature (Gom- 
beer, 1980), These halomorphic soils (solon- 
chaks) (Table III. 2» 10) are generally fine -textured, 
have hydromorphic properties and they may 
be occasionally flooded. Both features (flood- 
ing and hydromorphy) generally facilitate de- 
tection of such areas in the visible wavelength 
band* Areas measured are indicated in Table 
III. 2. 11 , from which it can also be seen that the 
areal extent of the flooding varies at differ- 
ent recording dates. In this respect the large 


Melrhir and Rharsa Chott areas seem to be 
only partially flooded (on 13 Sept. , 1979) and 
they were measured separate ’ ; (two small 
patches) on the imagery. At vLc r.-.Tie record- 
ing date the deduced Dje rid area closely cor- 

2 

responds to the mapped soil unit (4. 717 km ), 

The flooded total area of Chott Dje rid was also 
measured on imagery obtained from another 
satellite: the Heat Capacity Mapping Mission. 

The HCMM is a polar orbiting sun-synchro-* 
nous satellite with a higher geometric resoiu- 
tion (500 m) than Meteosat (2, 5 km). Measure- 
ments were performed on two quick-look images 
corresponding to two adjacent orbit strips (film s) 
with a slight overlap (5 and 6th December 1979) 
(Fig. 111.2.59). Individual areas (two parts) measured 
on each film strip were summed up. The scale 
of both quick-look images was calculated as 
described before! 

a) recording on 5-12-79: 1 : 8, 033, 707 (appr. ) 

b) 11 " 6-12-79: 1 : 8, 105,263 ( 11 ) 

The Chott Dje rid areal extent measures: 

a) Dje rid, part 1, on 5-12-79: 399. 85 km^ 

b) Dje rid, " 2, 11 6-12-79: 4403. 51 *' 

c) Djerid, total area : 4803, 36 41 

This area fairly corresponds with that mea- 
sured on the Meteosat recording of Sept. 13 
1 979 (Table III. 2. 11) and also with that of the mapped 
Dje rid soil unit (FAO). 

For comparison purposes it was also attemp- 
ted to calculate the areal extent of Chott Djerid 
from HCMM digital data (FigJII.2, 60). Data from 
the visible band (6th December 1979) were 
visualized with the NMAPW -programme. 

Pixels (500 x 500 m) classified as flooded 
areas were counted and in this way a total area 
of 4884 kirr could be deduced (efr, Table III. 2. 11). 

The areal extent of salt pans (Etosha, Makari- 
kari, Salinas (Mauret), as deduced from 
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TABLE Hl.2.10. Soil units and toil associations (FAO, 1973) 
ovtr the areas studied (Africa). 


Area 

Soil Unica 

(1) Choct Djcriil 
Tunisia 

2 16 - 3a (with sodic phasa) 

0 (Solonchaks orthic) 

Associations; Z and 2 

(Solonchaks •gieyic t and takyric) 

(2) Chcct Melrhir 
Algeria 

Z 7 -3a (Solonchaks orthic) 

0 

Associations; Z (Solonchaks glcyic) 

g 

(3) Salinas 
Mauretania 

Salt flats 

(4) Etosha pan 
S.W^Af rlea 

2^12 - 1/2 a (Solonchaks gleyic) 

Associations: 2 (Solonchaks orthic) 
o 


Inclusions: Q a (Aranonols aibic) 

(5) Makarikari 
Botswana 

Z 17 — 1 /2a (Solonchaks orthic) 

0 

Associations: J (Fluviiols cutric) 

2^ (Solonchaks takyric) 


Inclusions: Q (Arenosois) ,S (Solo- 

nets) 

(6) Okavango 
Botswana 

J 59H a (Fluvisols cutric) 
e 

Associations s 2 (Solonchaks) , 
Q(Arenosols) 


Inclusions : G (Gleysols) 


Textural classes; I Coarse textured (sands) 

2 medium textured (loam,sil ts) 

3 fine textured (clays) 

Slope cl;m»es ; a level to gently undulating 
b rolling to hilly 
c steeply dissected, mountainous 



TABLE 111,2.11. Area measurements on METEOSATdmegery and comparison with measurements on the FAO soli map of Africa, 


Soil units and 

Art. tn.H.urumuMti wi tit 
QUANTINET 720 (In k* ) 

Taage 

Recording 

Date 

1 

Original 

iteage scale 

(approx) 

gaaarka 

features •assured 

FAO mil n.p 
<♦ 1/5.000.000) 

HETEOSAT iiu- 
l.ry(vi.'clt.nn.l) 


| • Chore Ojtrid 

4717,34 

4271. CO 

14/4/78 

1/15.287 .000 

flooded area 

TUNISIA 

id. 

4387 .88 

2/9/78 

1/15.385.000 

flooded area 


id. 

4(02.15 

13/9/79 

1/8.276.000 

flooded area 

2. Chott HelrhirOtharse) 
ALGERIA 

3400.94 

2162.72 

13/9/79 

1/8.276.000 

two flooded areas 
■assured separately 

3, Satinas (salt flats) 
HWUF.TANIA 

3543.15 

3028.08 

30/3/78 

1/17.250,000 

highly reflective 
(whitish) area 

4. Ecosha pen 
5. L'. AFRICA 

5386.44 

Id. 

55(2.74 

5764.00 

21/8/78 

13/9/79 

1/17 >544, 000 
1/8.772.000 

highly reflective 
(whitish) area 

5. Hek.irlkari pen 
BOTSWANA 

10949.55 

id. 

1)190,86 

11270.62 

21/8/78 

13/9/79 

1/17.544.000 ; 
1/8. 772.000 

highly reflective 
(whitish) eree 

4. Okavango Swamp 
BOTSWANA 

27709.40 

id. 

14962.78 

14523.29 

21/8/78 

13/9/79 

1/17.544.000 

1/6.772.000 

area Mixed with burnt 
patches 

no burnt area* present 

7* Burnt patches 
S.U. of Okavango 
S. of Okavango 

- 

6311.40 

1613.38 

21/6/78 

21/8/78 

1/17.544.000 

1/17.544.000 

dark-gray to btack 

faaturaa (aria nt ad) 


TABLE 1 11.2.1 2. The annual precipitation (approximately) and its hroad distribution 
over the African areas studied (Jackson, 1961), 

4 


Area 

Annual precipitation 

(1) Chott Djer id 
(Tunisia) 

1 50 mmCaporox . ) 

Weil distributed tram September - March 

(2) Chott Mel r hi r 

113 mm (approx.) 

(Algeria) 

Distributed from March - ApJril and from 
September - December 

(3) Salinas 

1 00 mm (approx . ) 

Mauretania 

rrPia August - September 

(4) E tbs ha 

517 mm(approx.) 

(S.-W Africa) 

Dry season from May - October 

(5) Mak^rikari 

433 mm(aporox . ) 

Okavango 

(Botswana) 

Dry season from May - October 
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Meteosat-imagery, does correspond with units 
mapped on the FAO- soil map. Salt pans are 
generally detected through their very white ap- 
pearance (high reflectance) on the visible band 
recordings, 

Large burnt patches were observed on a Me- 
teosat image recorded on 21 August 1978 
over the southern part of Africa, These pat- 
ches were located in a Botswana area descri- 
bed by Eyre (1968) as thorn-tree tail-grass 
savannah. 

A majority of the savannahs are located in 
climates with pronounced wet and dry seasons. 
They also prevail in tropical areas of imper- 
meable soil and poor drainage and where man 
periodically burns off the vegetative cover to 
expand the grassland area. In many regions 
the savannah vegetation pattern is considered 
to be the result of drainage and soil condition 
but also of human intervention (frequent fires, 
grazing) (Eyre, 1968). Generally, bush fires 
are started purposely to clear away the old 
dry grass in order to stimulate growth oi 
young grass in the following season. However, 
fires may also be started for hunting purposes 
or can start accidently. Because of their un* 
controlled progress and the complete destruc- 
tion of all plant material, fires have been sub- 
ject to many studies. Moreover, the intensity 
of a fire and its destructive power will depend 
on the dry season time (drought, available 
material to burn). Annual late season fires 
generally have a large effect on the vegetation 
pattern as most of the trees are eliminated 
and a grass cover will expand now over the 
area. Frequent late season bush fires are also 
indicated to be detrimental to soil fertility 
(litter destruction, nitrogen loss etc. ) (Jones 
and Wild, 1975). 

The areal extent of two large burnt areas, 


located near the Okavango swamp (Botswana), 
wa, measured (Table III. 2. 11), They were both no 
ticed on a Meteosat recording during the mid- 
dry season (TableIII,2.12) when the vegetation is 
progressively becoming dry over this savan- 
nah area. For the total burnt surface, an 

2 

area of approx, 15, 000 km was found and it 
should also be mentioned that in the same 
Okavango area no burnt patches were present 
on another recording from a corresponding 
period in 1979 (1 3/9/79 * end of dry season). 

It is clear that the synoptic (continental) over- 
view and especially the high repetition of the 
Meteosat observations can be used to detect 
such fire, to deduce when and where it might 
have started and to monitor its daily progress. 
The optical analysis of the single image stu- 
died, already indicates that at the date of 
21, 8. 1978, the burning front apparently moved 
in the NE -direction. This may be deduced 
from its black elongated, sharp boundaries 
almost perpendicular to the NE -direction. 

Conclusions 

The quantitative analysis (Image Analyser 
Guantimet 720) of Meteosat imagery indicates 
that flooded areas can be properly measured 
as well as the areal extent of grass and bush 
fires. Obviously, small scale satellite ima- 
gery with high repetitivity (half hourly), as 
acquired from the geostationary Meteosat, 
can be used to quickly demarcate such areas 
and to monitor their extensions (regressions) 
and their effects. 

However, errors in the area determination 
using imagery may arise from the: 

- original scale (enlarged or small) and qua- 
lity of the imagery used for quantitative 
analysis, 

- geometric deformation (Earth curvature or 


oblique view) of the Imagery as it is recor 
ded over the entire African continent (geo- 
stationary orbit) i 

- calculation of the exact scale factor of the 
imagery and of the FAO-soil map (map 
projection used), 

- optical distinction of image grey atones and 
manual delimitation of boundaries with the 
Quantimet light pen on the video display, 

- spectral discrimination of features and boun- 
daries to be measured and as registered by 
the visible wavelength channel (Meteosat 
and HCMM), 

Areas deduced from HCMM imagery and from 
digital data do correspond with those measured 
on Meteosat images, although the Meteosat 
satellite has a lower geometric resolution 
(2. 5 km). 
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Surface Temperature Distribution for the 
City of Freiburg 

The long delay in the distribution of HCMM 
data and the high percentage of cloud cover of 
the images of the middle European test site 
received, have seriously delayed work on this 
subject. 

In the preparatory phase, work was carried 
out in Germany on wind -induced micro -clima- 
tic differences detected from thermal scanner 
data. The study treated a mixed urban-rural 
area. Details are given in Chapt. 4, A. 

A first evaluation of the usefulness of HCMM 
thermal data for defining the surface tempera- 
ture of built-up areas was carried out on scene 
AA0034, 0213. 0. 3 (May 30, 1978) for the city 
of Freiburg (48°N, 9°50'E). 

After geometric correction of the data on a 
scale 1 : 200, 000 and smoothing of the pixel 
edges* the resulting image was compared with 
surface temperatures measured with an air- 
borne thermal scanner from a height of 4000 m. 
The results are presented in. Figs ,111.3. 1 and 2, 

Though the dates of the aircraft and satellite 
scene are different and also due to the fact that 
uncertainties in the calibration of the HC MR 
made it impossible to compare absolute tempe- 
ratures, the temperature pattern on the two 
scenes is rather similar. 


Urban Agglomarationa and Cold Air 
Accumulation* and -Stream In Garmany 

The data base for this investigation was pro- 
vided by a segment of the same HCMM scene 
AA0034. 0213. 0. 3 of May 30, 1978,, It encom- 
passes the Upper Rhine Valley between Basel 
(47°33 ' N, 7°36 ' JE) and Frankfurt (50°7' N, 
8°36'E) and the surrounding highlands. 

Surface Temperatures of Settlements 

It was to be expected that heat islands from 
large cities would be depicted in the HCMM 
image because of their high surface tempera- 
ture. However, it became evident that much 
smaller settlements can evoke a signal, under 
favourable circumstances, down to a size of 
2, 000 inhabitants. 

Prerequisites for this phenomenon are a den- 
sely built-up village centre and placement in 
a horizontal, unforested environment, Other- 
wise, the weak signal emitted by the settle- 
ment would be masked by other effects on the 
thermal pattern. The thermal effect of such 
small villages situated in concave terrain Is 
especially cancelled out by the influence of the 
relief. 

However, net all of the villages with the above 
mentioned favourable conditions are represen- 
ted by a wa r m s pot o n th e HC MM im age, as 








the recorded phenomena are very small with 
reference to tne means provided by geometric 
as well as radiometric resolution* The effect 
is of the same magnitude as the random noises 
produced by VHRK* Thus, it is possible that 
the heat island of a village can be simulated or 
suppressed in each individual case. At the 
same time, the identification of a village de- 
pends on whethe r its area is depicted in a 
single pixel or whether it is distributed on 
several picture elements. A signal on the 
thermal image can be expected only in the first 
case. 

The situation is less equivocal when we con- 
sider larger villages and smaller towns with 
an average size of approx. 10,000 inhabitants. 
These are clearly identified as heat islands by 
reason of their elevated surface temperature. 

The core area of every larger city with tens 
of thousands of inhabitants is registered as a 
heat island with temperatures a few degrees 
higher than its surroundings. 

The difference in temperature between the 
centres of cities such as Mannheim/Ludwigs - 
ha fen (cf.Fig.IlI.3.3) and Strasbourg (cf. Fig. III. 3.4). 
and their environments increases to over 4°C. 

The area of higher surface temperature ex- 
tends beyond the urban built-up area to the 
surroundings because of the flow of warm air 
in the boundary layer. The suburban area is 
much wa rmer on the leeward than on the wind - 
ward side of the cities. 

Industrial Complexes 

On comparing different industrial areas, it 
becomes apparent that different levels of ener- 
gy consumption are identified on the thermal 
image even though it is impossible to quantify 
the respective heat emission of an automobile 
plant and a chemical factory from the differ- 
ence in the temperature reading. It is difficult 


to interpret these readings definitively because 
the thermal image by itself cannot be Used to 
establish decisively whether the high tempera- 
tures of chemical plants registered by the 
HCMM are really higher surface temperatures 
or whether they must be attributed to the mask- 
ing effect of warmer exhaust gases containing 
aerosols. 

Cold Air Reservoirs end Cold Air Streams 

With reference to the problem of cold air ac- 
cumulation in concave areas and its outflow 
from valleys, the following statements can be 
made i 

1. The fact that broad and shallow valley ex- 
panses are gone rally de picted as cold areas 
independent of their surface coverage, sup- 
ports the theory that the thermal image can 
identify areas in which cold air collects and 
either comes to rest or flows onward very 
slowly down the valley. By contrast, in 
narrow valley areas, those sections where 
cold air escapes quickly, are registered as 
warm areas. Furthermore, in contrast to 
cold air reservoirs, the areas in front of 
the mouths of valleys were nowhere regis- 
tered as particularly cold areas. This sig- 
nifies that basins accumulating cold air are 
depicted by the satellite thermal image, but 
that the route taken by the cold air and the 
extension of cold air at the mouth of a val- 
ley is ignored. 

2, It is generally agreed that elevated grass- 
land is the main producer of cold air and 
that it is a prerequisite for the night-time 
streams of cold air at the mouths of valleys 
as grassland gets colder than adjoining 
forests. Our examples show, however, that 
extensively or completely forested areas 
can also create cold air accumulation. 
Basically, this was to be expected. From 
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the point of view of the heat budget, eleva- 
ted forest area* with their higher surface 
temperatures must surely radiate more 
energy and thus the net radiation is even 
more negative than over grassland*# There- 
fore, forests have to withdraw a larger 
quantity of energy from the air via the sen- 
sible heat flux and so contribute substan- 
tially to the cooling of the air. Forests do 
not produce air that is as cold as that of 
grassland in corresponding locations but 
they produce it in greater quantities. 

Urban Heat Islands and Thermal Effluentu In 
Belgium 

The City of Brussels 

The urban heat island of Brussels can be ty- 
pically depicted by a Night-IR (16 Sept. , 1979) 
temperature slicing (EXlO-programme) in 
which a gradual dec rease in temperature is 
noticed from the inner city towards its boun- 
dary (Fig. 111,3,5), The temperature difference be 
tween the warmest part of the city (class l) 
and the surrounding countryside (class 7) is 
of the order of 5°K, showing that the thermal 
characteristics of urban areas are in marked 
contrast to those of the adjacent (rural) area*. 
Obviously, thermal contrasts will also depend 
on topographic situation and are expected to be 
greatest for sheltered cities with light winds, 
Temperature differences are also noticed to 
be well marked during still-air conditions, 
especially at night (Barry and Chorley, 1972). 
The factors responsible for creation of a heat 
island are the direct production of heat by 
combustion and the gradual release of heat 
stored during the day by the brickwork, con- 
crete and similar construction materials. 

An EXIO -temperature slicing of the Day-IR 
recording (16 Sept, , 1979) over Brussels also 
shows a tendency of decreasing temperatures 


out from the city *'* central parti (Hg. Ill, 3, 6). In 
the direction indicated a* AA' the temperatUft 
gradually decrease* from the centre over the 
suburb* and residential area* to the Zonfcn- 
Forest, which ii located south-east of Brue- 
sel* (class 8, Flg«Ul*3»6)* Duringtheday forest* 
have a low radiant temperature range; there- 
fore forest limits can be clearly delineated 
and can be used as a reference for location 
purposes. City temperatures during the day 
are also noticed to be substantially higher than 
during the night, The factor responsible for 
this is direct insolation but it may also be the 
active heat production of a complex nature 
(buildings, factories, traffic etc,), the latter 
being substantially greater during the day, 

Some of these effects can be detected through 
the appearance, and this only during the day, 
of several sector* being highest in tempera- 
ture over the Brussels agglomeration. Appa- 
rently, these “hotter 11 urban sub-islands 
(class l, Fig, III, 3, 6) are located along the axis BB 1 
which corresponds essentially with industrial 
areas, large factories, railway stations. 

Other thermal representations of the Brussels 
Heat Island are shown in Figs. Ill, 3. 7 and 8, cor- 
responding both to night -infrared recordings 
on 30/5/1 978 and on 28/7/1978. Comparing 
the three night recordings it is observed that 
temperature differences between the Warmest 
city centre and the coolest parts of the sur- 
rounding land, are of the same order (6, 5°K), 
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27 3,49* K 

5[V] 

271,50 - 2 71,09* K 

273,09 *K 

eITTFI 

270,69 * 27Q2fl‘K 

272,69’K 


269,88- 266,96 *K 

272,30 - 271, 90 *K 
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Fm. III. 3.7. The Urban Heat Island of Brussel* (Night-IR. 30 5 78) EXIO temperature slicing 
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F 19 . III. 3. 8 . Th# Urban Heit Island o f Brussels. (Night lR, 28 7 78) EXIO tempt raxura slicing. 
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L®o«ndof Flfl, 111,3,7* (NlflhMR 30,5.78), 


Class 



other 


Tempo rature 
287. 84 - 287. 1 5°K 
286. 80 - 286. 45°K 

286. 10°K 
285. 75°K 
285. 40°K 
285. 04°K 

284.69 - 281 . 08°K 


Legend of Fig. 111.3.8. (Nlght-IR, 28,7.78). 
Class Temperature 



282. 90 - 282. 54°K 
282.18 - 281 . 81°K 
281 . 45°K 
281 . 08°K 
280. 71 °K 
230. 35°K 

279.98 - 276. 59°K, 


othe r 





However, during the day (16 Sept. 79) the 
temperature difference is substantially higher 
(12. 27°K), Such a high temperature difference 
indicates that the surface temperatures of 
Urban areas are not related to their air tem- 
perature, In fact, air temperature differences 
between cities and rural land are generally 
much smaller (2°K). 

Schelde-RIvar and Deal’s Nuclear Plant 

The Schelde River and parts of its estuary are 
well depicted by the temperature pattern in 
Figs.III.3,9 and 10, During the day a decrease in 
temperature is observed (dark symbol = cool, 
white 3= warm) following the rive r V course 
through Antwerp's industrial areas towards 
its mouth. This pattern may be related, to 
some extent, to tidal streams. It was verified 
that on Sept. 16, 1979 a condition of high tide 
prevailed at Antwerp at 11 . 55 MIST, On the 
night recording on the same day, several 
sand -banks or tidal flats are exposed in the 
river (gee FigjII*3. 10, arrows). 

They now become visible as cooler areas, with 
respect to the water surface, and are repre- 
sented on the EXIO-print by a dark printing 
symbol. 

The nuclear powe r plants of Doei are located 
on the left bank of the Schelde River, i. e. 
approximately in the centre of the rectangle 
in Fig, III. 3.9. Two nuclear reactors are opera- 
tional (Doei -l and 2), two others are under 
construction (Doel-3 and 4]^ Water from the 
reactor cooling cycles is discharged (2 x 
40, 000 m /h) in the Sc h eide. At the point of 
discharge, the temperature of this Water is 
about 11 °C higher compared to the tempera- 
ture of the river- water taken up for cooling. 
The infra-red count of each pixel was deter- 
mined by means of (ne STATS -programme 
and this for the 'Whole rectangular area indi- 


cated In FigJII.3.9. When the constructed pixel 
matrix was optically superposed (ZTS) on a 
topographic map (FlgJII.3,11), a temperature 
anomaly became apparent in the poiderland 
and another in the Schelde River. In the poider- 
land, the pixels with highest surface tempera- 
tures (high pixel counts) correspond with the 
power plant construction area. In the Schelde 
River, the warmest pixel (count 69) contains 
the water discharge point of the power plant. 

Its integrated real surface temperature was 
calculated as 23. 4°C, applying the tempera- 
ture correction factor (+9. 2 8°C) derived from 
calibration procedures. The temperature dif- 
ference between this "discharge 1 * pixel and the 
mean river temperature is of the order of 
+4°C . Also note the high surface temperatures 
recorded over industrial areas, located on the 
right river bank, as compared to the mean 
temperatures of the poiderland. 
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Part 4 : HCMM Satellite Data Calibration and 
Atmospheric Corrections 
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Introduction 


In contrast to many uses of multispectral 
data such as furnished by the satellites of the 
LANDSAT series, the exploitation of the 
thermal, and also albedo, data provided by 
the HCMR necessitates its proper calibration 
relative to values measured on the ground? 

The reason for this apparent difference be- 
tween multispectral and thermal data resides 
In the fact that the interpretation of thermal 
data requires an understanding of the physical 
processes responsible for a certain surface 
temperature or surface temperature differ- 
ence (PRICE 1980) and, therefore, the tem- 
peratures or temperature differences both 
spatial and temporal as measured on the 
ground have to be known. 

The difference between the interpretation of 
MSS and thermal data is only apparent, be- 
cause a deeper going and deterministic in- 
terpretation of MSS data encounters the same 
problems as that of thermal data. The inter- 
pretation of the MSS -data of the CZCS of the 
Nimbus -7 satellite (STURM 1980) is an ex- 
ample of the development in this direction. 


Prior to the HCMM, the calibration of sa- 
tellite thermal data, or more generally, its 
comparison with ground measured tempera- 
tures has mostly been carried out for sea 
water temperatures, 

A comparison between sea surface tempera- 
ture (SST) measurements from the NOAA-4 
satellite and from an underflight with an air- 
borne radiometer was carried out in the Gulf 
of Lyon (ALBUISSON et al. 1979). 

Comparison with ship— born SST measure- 
ments were made for NOAA - 3 , NOAA-4 and 
NOAA-5 (TABATA 1980, BROWN 1980) and 
in- situ measured thermal gradients were 
compared with results obtained from NOAA-5 
(WALD and NIHOUS 1980), Thermal data 
from METEOSAT were checked with SST 
measurements from a North-Sea platform 
(GRASSL and KOEPKE 1980). 

In all these calibration attempts, agreement 
between satellite and ’’ground” measured SST 
was 1°C or better. One has to add, that the 
sea surface represents a relatively homoge- 
neous medium both in regard to temperature 
and to thermal emissivity, and that the range 
of temperatures observed is usually rather 
limited. At maximum this range covers from 


0 - 30°C and on individual scene* the range 
is of a few degrees only. Furthermore* tem- 
poral changes of temperature are rather slow. 

The situation is quite differ nt for the tempe- 
rature of land surfaces such as observed by 
the HOME, These surfaces not only show a 
rather great spatial heterogeneity both in re- 
gard to temperature and emissivity, but also 
temporal changes of temperature are rather 
rapid. In addition, the temperature range 
observed on an individual scene is more ex- 
tended and is shifted upwards and may reach 
from 20°C to more than 50°C, the total range 
being from below 0°C to more than 50°C. 
Comparisons have been carried out between 
the temperature of land surfaces measured 
by thermistors and hand-held radiometers 
and measurements with an airborne Nimbus 
Medium Resolution Infrared Radiometer 
(MARLA TT 1967), but no comparisons with 
satellite data are known. 

Calibration of satellite data implies the use 
of atmospheric corrections and therefore the 
present part will first deal with atmospheric 
corrections before treating the results of the 
calibration of the HCMR data proper. 

Atmospheric Corrections 

Even under clear sky conditions the atmos- 
phere is not completely transparent for in- 
frared radiation in the ’’windows' 1 of the elec* 
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Tablelll.4.1. Surface temperature of the Crau measured 
on 28.7,78 by the HCMR, with and without correction by 
the "Window" model for the effect of the atmosphere 
(SEGUIN and R El NIGER), 
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tromagnetic spectrum. The atmosphere not 
only causes a shift in the level of the 
temperatures of the earth surface, but also 
a smoothing of the actual spatial and temporal 
differences in surface temperature. 

An example of the order of magnitude of this 
effect is given in Table III. 4. 1 for a dry and 
an irrigated surface of the Crau. 

In this example, the atmospheric corrections 
were as high as 13. 5°C and they almost 
doubled the temperature difference between 
irrigated and dry plots, as well as the daily 
temperature amplitude, Therefore, atmosphe- 
ric corrections are not only necessary for ab- 
solute, but also for relative measurements, 
including thermal inertia. 

A number of methods have been developed to 
calculate atmospheric corrections. 

The RADTRA Model 

This model has been developed by RANGA- 
SWAMY and SUBBARAYUDU (1978) under 
contract by NASA and has subsequently been 
made available to HCMM investigators-, In 
this model, the attenuation of infrared radia- 
tion by the atmosphere is being estimated by 
solving the equation of radiative transfer. 
Calculations for the 1 0. 5 to 12, 5^Um wave 
band are performed by dividing the atmos- 
phere into different layers and taking for 
each separate layer the mean values for mass 
absorption coefficient, temperature and va- 
pour pressure. The radiance at the top of 
layer n then equals the sum of the trans- 
mitted radiance of layer (n- 1 ) and the emitted 
radiance of layer nt 

R(i>, n) = RO, n-1) exp (-k n x n ) + R a (n, n) 

[ 1 -exp (-k n x n )J (W-m -2 , sr’ 1 ) (4.1) 

where R is the total radiation per unit of 
frequency interval, R a the radiation emitted 
by layer n, v the radiation frequency (^irn* 1 ), 
k n the mass absorption coefficient of layer n 
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(g~*« cm^) an( j * n the optical path lengths 
(g* cm’ 2 ), 

H a can be calculated by substituting the mean 
air temperature of layer n into Planck 1 s 
equation. 

As the atmospheric attenuation in the 10, 5 to 
12, 5yUm wave band is mainly caused by wa- 
ter vapour molecules, the optical path length 
x n can be expressed as* 

* n = °v ’ Ah (S * cm ‘ 2 ) ( 4 « 2 ) 

where p v is the water density (g* cm"^) and 
Ah the thickness of layer n (cm). 

According to BIGNELL (1970) the mass ab- 
sorption coefficient k n can be described as* 

(P n ) (ej 

k n - fj (T)k L r- + f 2 (T)k -f- (4. 3) 

10 5 2 2 1CT 

/ -1 Zx 
(g . cm ) 

where 

fj(T) = 1 - 0.005 (303 -T n ) (4.4) 

f 2 (T) - 1 + 0. 02 (303 -T n ) (4,5) 

T n is the mean air temperature (K) of layer n, 
e n the mean partial pressure of water 
vapour of layer n (Pa), P n the mean pressure 
of layer n (Pa), k^ = 0, 10 and a value of 3. 2 
(g~ * ♦ cm 2 ) was used for k 2 , 

With this method upward radiation can be cal- 
culated at each altitude. From Planck’s for- 
mula an equivalent black-body temperature 
Tbc-(h) can be calculated. The difference be- 
tween surface temperature T c and T bc (h) is 
the correction for the attenuation of thermal 
infrared radiation by the atmosphere! 

T corr = T c * T bc< h ) ( K ) < 4 - 6 ) 

The RADTRA - model was used and tested by 
NIEUW ENHUIS (1980 a) who found that 
according to BIGNELL (1970) a value of 
- 10, 0 should be employed in the model, 
This change has a considerable effect on the 


T bt » 300k 300k 315k 315k 



Fig.ltl.4.1. Atmospheric temperature corrections (AT) on 
July 31, 1978 as calculated with the RADTRAmodel for 
two surface temperature, Transmission of the atmosphere 
Is calculated for two values of k 2 : 3.2 and 10.0 g*’ cm. 
(NIEUWISNHUIS 1980). 

atmospheric corrections especially for the 
higher correction values as shown in Fig. 

III. 4# 1. Following this change, a number 
of errors were detected in the RADTRA-mo- 
del which was completely re-written by 
PRICE (1980) in the form of the "WINDOW - 
model". Consequently, this model was used 
for most of the atmospheric corrections in 
this report. 

Independently, a correction program KORR 
has been developed by WIENERT (1980) which 
follows basically the same approach. In this 
program the radiative transfer equation was 
integrated over the 10, 5-12. 5/Um interval 
and was not quasi-monochromatically evalu- 
ated for a wavelength of 11, 5^um, As shown 
in Fig. III. 4. 2, these two approaches may 
lead to atmospheric corrections differing by 
up to 2°C. This difference increases with 
scan angle. When the atmospheric correction 
was calculated monochromatically with the 
KORR -model, the same results were obtained 
as with the WINDOW model, showing that this 
was effectively the cause of the discrepancy 
between the two models. The results of these 
calculations are presented in Table III. 4. 2. 

The Linear Model 

In this model it is likewise assumed, that an 
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T (SATELLITE) IN DEG. CENTIGRADE 

Fifl.lll.4.2. Atmospheric correction due to water vapor 
absorption (HCMM) calculated with Hannover radiosonde 
data 22 June 1979, 00 UT (Wl LMERS and WIENERT 1981). 


(-) = 30 ° 30 ° 


T Mt 

T« {KORR) 

Tg (WINDOW) 

T, (KORR) 

T, (WINDOW) 

10 

8.8 

9,3 

8,4 

9.3 

12 

12.3 

12.5 

12.1 

12.8 

14 

15.0 

15.8 

15,7 

16.3 

16 

18.9 

19.1 

19,3 

19,8 

18 

22*1 

22.2 

22.8 

23,2 

20 

25,3 

25.4 

26.3 

26.5 

22 

28,5 

28.5 

29,7 

30.0 

M 

31.7 

31,6 

33,1 

33.3 

28 

38.0 

37,8 

39,8 

40,0 

30 

41,1 

4 U j 

43,1 

43,2 

31 

42.6 

42.7 j 

44.8 

44,7 


T wt .s wrfac» ttmp«r»tuni In °C m#*ur*d by 

T, (KOOR) = iurfac» temp^ratur* In °C corrtcttd wlht M KORR" 

T f {WINDOW) * lurfac# ttmp«r»wr» In 9 C corr*cttd with "WINDOW" 

0 9 wad *ngi« In d*gr»t« 

Table 111,4.2. Comparison of atmospheric corrections by 
"KORR" monochromatically calculated for a wavelength of 
1 1,5 pm with "WINDOW" for 22 June 1979, 00 UT 
(WILMERS and WIENERT 1981) 


atmoapheric attenuation in the 8-M^m band 
is caused by water vapour molecules oply. 
Applying a linear expansion of Planck's formu- 
la, BECKER (1978) has derived that! 

7\>.(h, 0 ) m T b> 1- (0 (h) - T b< ) + 5 (K) (4. 7) 

where h - altitude (m), 0 “ angle of observa- 
tion, T^ s a black body temperature of the sur- 
face (K), W(h) » total water content of the at* 
mospherc over the column of length h (g. cm* 2 ), 
A « constant characteristic of the atmosphere 
(cm 2 , g* 1 ), 6 = correction, which can be ne- 
glected to first order, 0 (h) an effective at- 
mospheric temperature (K). 

The effective atmospheric temperature is 
defined as* 

N N 

0(h) * Z W T / Z W (K) (4.8) 

n=l n=l 

According to a first order approximation the 
temperature correction for atmospheric atte- 
nuation is: 

T = T bs (h,»)-T b8 =^!-( (h)-T b ,) (4,9). 

Results obtained with this model have been 
compared with the RADTRA -model. (NIEUW- 
ENHUIS 1980 a) and they are shown in Fig, 

III, 4. 3. The factor A has been calculated 
assuming that for a surface temperature 
equal to the temperature of the lower atmos- 
phere, the corrections as calculated by both 
models are the same at the top of the atmos- 
phere. As can be seen In Fig. Ill, 4. 3, agree- 
ment between the two models was within 1°C, 

In both the RADTRA- WINDOW- KORR and in 
the simplified linear model, radiosonde data 
on pressure, temperature and humidity are 
required. In eq. (4. 9) however, Wfh) and 
0(h) can be eliminated by measuring the ra- 
diation temperatures of the surface in l;wo 
different wave length bands. 
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AT (K) 


Fig.lll.4.3. Atmophsrlc temperature correction* (AT) 
depending on height (h) above the earth surface for 
different surface temperatures as calculated both with the 
RAOTRA-model and BECKER'S model for July 31, 1978. 
The observation angle is zero (NIEUWENHUIS 1980). 


These are! 


A^W(h) 

T l (h,0) = T bs + -^y(0(h)-T b8 ) (K) (4.10) 

A 2 W(h) 

T 2 (M)*T bs + —f (H h)-T bg (K) (4.11) 

The radiation temperature of the soil surface 
T bs is found by combining the eqs, (4. 10) and 
(4.11)8 


^bs ~ 


(h, 0) + T^Ch, 0) 
2 


+ (T l (hrO) + T 2 (h t Q)W 

(K) (4.12) 


where 


A =■ 


A 1* A 2 
2(A 2 - A t ) 


Calculations with eq. (4, 12) are only accurate, 
if the difference in atmospheric transmission 
in the two wave length bands is large enough. 
This approach (IMBAULT 1980 , DESCHAMPS 
and PHULPIN 1980) was not tested in the pre- 
sent work. 


Data Calibration 

Data calibration refers almost exclusively to 


thermal infrared data of the HCMR and only 
a short comment will be given on the albedo 
data, 


Thermal Infrared Data 


The calibration procedure consisted in com- 
paring the satellite measured surface tempe- 
rature, T gat , with the ground measured sur- 
face temperature as the satellite should have 
measured it after atmoepheric correction, 

T*^ t . The atmospheric corrections were 
calculated with the WINDOW model unless 
stated otherwise. The WINDOW model, like 
the model of BECKER (1978) proposes a li- 
near relation between a radiometric tempera- 
ture measured on the ground, Tg, and the tem- 
perature "seen" by the satellite. This relation 
is given by! 


T* . s a T„ + b (4. 13) 

sat 8 

4* 

where = radiometric temperature to be 
measured by the HCMR (°K) , Tg - radio- 
metric temperature measured on the ground 
(°K). The coefficients a and h in eq. (4. 13) 
were calculated by the WINDOW program* 
Especially for water temperatures, the kine- 
tic temperature T gl and hot the radiometric 
temperature T gi was measured on the ground, 
The relation between the two temperatures 
is given by 

T g * (I •e)T a + T s (4.14) 

where T g “ kinetic temperature measured on 
the ground (°K), T a a radiative temperature 
of the atmosphere (°K)> e ~ thermal emis- 
sivity* 

Except in one case* only the emissivity cor- 
rection was taken into account and the correc- 
tion for reflection* (1 - e )T^ i was neglected, 


The results of the calibration attempts are 
summarized in Table III. 4. 3 which contains 
45 data points for two of which no ground data 
are yet available. The data cover a period 
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AL 

Date 

Scan* Tg,* C 

Tin, * C 

T.«, * 

C Ta 

Location and author 


34 

30.5.78 

AA-0034 .021 3.0.3 8,6 

8.6 

9.0 

-0.4 

Pina forest, S.Germany 

(1) 

• m 


• - 14.1 

13.6 

10.4 

3.2 

Graaa-airf laid at** Belgium 

(2) 

38 

3.6 

AA -0038.01 48.0.3 12.5 

11.9 

13.3 

-1.4 

Lac Laman 

(3) 

54 

19.6 

AA-0054.01 45.0.3 16.9 

15.0 

6.1 

8.0 

Stalnhudar Meet, N, Germany 

(4) 

82 

17.7 

AA-0062-0208.0.3 18.3 

17.1 

11.9 

5.2 

Lac Leman 

(3) 

* • 

» m 

- - 15.7 

16.0 

10.5 

6*4 

Crau, grass Irrlg. 

(5) 


m m 

AA-0062.1303.0.2 18.3 

17.4 

14.1 

3,3 

Lac Leman 

(3) 

«r m 

. - 

- - 39.6 

34.3 

25.0 

0.3 

Crau, grass Irrlg, 

(5) 

m ♦ 

. . 

- - 49.0 

40.9 

30.9 

10.0 

Crau, grass dry 

(5) 

93 

26.7 

AA-0093.021 2.0.3 18.6 

16.6 

10.9 

5.7 

Lac Leman 

(3) 

.m • 

* - 

• - 15.1 

14.4 

8,7 

5.7 

Crau, grass Irrlg, 

(5) 

m * 

• . 

- • 1 7.7 

1 5*8 

9.1 

6.7 

Crau, grass dry 

(5) 

m m 

• • 

AA-0093. 1307,0.2 16.6 

18,9 

14.4 

2.5 

Lac Laman 

(5) 

m . m 

. - 

- - 41.3 

29.5 

20.8 

8.7 

Crau, grass Irrlg, 

(5/ 

M * 

• ... 

. - 63.0 

35,8 

27.5 

8.3 

Crau, grass dry 

(5) 

96 

31 .7 

AA-0096.1 226,0.2 15.0* 

11.0 


4.0 

North Sea 

(6) 

m # 

* - 

* - 22.0 

16.0 


6.0 

Lake Ijssel 

(8) 

■ m 

• * 

- - 35,0** 

27.0 


8.0 I 

Land surface, the 

(6) 

m .w 

• • 

• - 50.0** 

36.0 


14.0 1 

Netherlands 


108 

12.8 

AA .01 08.01 51 .0.3 9.9 

11.2 

6,1 

5,1 

Crau, grass Irrlg, 

(5) 


- * 

* • 13.6 

13.7 

7.9 

5.8 

Crau,, grass dry 

(5) 


- * 

AA-01 08.1 247,0.2 28.9 

24.9 

19,4 

5.5 

Crau, grass wet 

(5) 

»> • 

- - 

- - 50.3 

40,5 

25.6 

14.0 

Crau, grass dry 

(5) 

118 

22.8 

AA.0118.1232.0,2 18.7 

17.3 

16.7 

1.6 

Lac Leman 

(3) 

135 

8,9 

AA-01 35.1 249.0.2 17.2 

15.2 

10.5 

4.7 

Lac Laman 

(3) 

145 

18.9 

AA-01 45.1237.0.2 16.2 

15.1 

11.8 

3.3 

Lac Laman 

(3) 

198 

10.11 

AA-01 98.01 23.0.3 -3.0 

-2.7 

-7.3 

4.6 

Fog, Rhine Valley 

(1) 

w • 


AA-01 98. 1221 ,0.2 10.0 

9.5 

3.5 

6.0 

Lac Leman 

(3) 

422 

22.6.79 

Orb. 8248 / 5N 22.4 

17,7 

8.6 

9.1 

Stalnhudar Meer 

(4) 

423 

23.6 

6268/ 60 14.9 

14.1 

9.2 

4.9 

Lac Leman 

(3) 

433 

3.7 

6409/16N 16.3 

13.8 

5.3 

8.5 

Lac Leman 

(3) 

444 

14.7 

6579/110 18.1 

15,2 

8.9 

6.3 

Lac Leman 

(3) 

459 

29.7 

6801/100 18.1 

17.3 

15.2 

2.1 

Lac Leman 

(3) 

492 

31.8 

7283/11 N 17,6 

15.4 

8.7 

6.7 

Lac Leman 

(3) 

497 

5.9 

7364/16D 17.4 

16.1 

10,3 

5.8 

Lac Leman 

(3) 

498 

6.9 

7372/ IN 17.4 

15.5 

8,8 

8.7 

Lac Leman 

(3) 

503 

11.9 

7446/ 6N 17.3 

13.7 

8.7 

5,0 

Lac Leman 

(3) 

508 

16.9 

7520/1 IN 17.1 

15.1 

8.9 

6.2 

Lac Leman 

(3) 

- . 


7527/110 17.1 

15,3 

10.0 

5.8 

Lac Laman 

(3) 

• * 

- * 

• - 21,1 

18.2 

12.6 

5.6 

Grass airfields***, Belgium 

(2) 

518 

26.9 

7675/ 50 15.8 

14.5 

6.6 

7.9 

Lac Leman 

(3) 

519 

27.9 

7690/ 60 15.8 

13.9 

7.2 

6.7 

Lac Leman 

(3) 

528 

6.10 

7823/150 17.8 

14.1 

11.0 

3.1 

Adriatic Sea 

(7) 

710 

5,4,80 

10523/16N 


0.9 


Lac Leman 

(3) 

761 

26.5.80 

11291 /ION 


5.2 


Lac Leman 

(3) 


Table ltl.4.3 List of HCMR thermal calibration data. 

AL = days after launch. 

SCENE = scene identification, given by number of orbit and path night/day for data from CMS-Lannion, 
Tg = radiometric temperature measured on the ground. 

Tsat = theoretical ground temperature viewed by satellite taking into account atmosphoric effects. 

Tsat - radiometric temperature actually measured by the satellite, 

AT ^TsapTsat* 


Remarks: + Tg = Kinetic ground temperature, 

Tsat “ satellite measured temperature 
corrected for atmospheric effects. 

*♦ Tg = Radiometric ground temperature mea- 
sured by airborne scanner, Tsat - sa- 
tellite measured temperature corrected 
for atmospheric effects. 

**+ Tg ** Measured at 2 cm depth 


Authors (1) Gossman (Univ, Freiburg) 

(2) Gombeer (Univ. Louvain) 

(3) Rebiger (JRC Ispra) 

(4) Wilmers and Wienert (Univ. Hannover) 

(5) Seguin (INRA Avignon), Reiniger (JRC Ispra) 

(6) Nieuwenhuis (ICW Wageningen) 

(7) Maracci (JRC Ispra) 



ORIGINAL r&S2 sa 
OF POOR QUALITY 

from 30 May 1978, 34 day* aft«r launch: (A L) 
of tho satellite to 26 May 1980, 761 day* af- 
ter launch. The radiometric curface tempe- 
rature* range from -3. 0°C to 53. 0°C, The 
location and the author* of the various* cali- 
bration attempts are listed in the rightmost 
column of Tabic III. 4, 3 and the procedures 
used will be treated in the following. 

1. Pine forest and fog surface (H, Gossmann . 
Ceographisches Institut I der Unlversl- 
tdt Freibu rg ) 

a) Pine forest 
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Table 1 1 1.4.4. Cslculstion of the surface temperature from 
the longwave radiation fluxes (GOSSMANN 1980 a). 


The geometrical correction procedure des- 
cribed elsewhere in this report (III. 2) had 
permitted to identify a pine forest of about 1 
km 2 on the HCMM scene of May 30, 1978, 

02. 13 UT. In this forest, the Climatologi- 
cal Station (Me s station) Hartheim is being 
operated by the Institute of Meteorology of 
Freiburg University, measuring air tempera- 
ture, humidity and windspeed at two heights 
above the canopy, as well as the vertical ra- 
diation fluxes. The results are registered as 
hourly means or the sum total per hour, res- 
pectively^. The hourly totals of the long 
wave radiation fluxes measured at the clima- 
tology station served to calculate the course 
of the surface temperature of the tree canopy 
over a 5 hour period, assuming various va- 
lues of thermal emissivity. (Table III. 4. 4 
and Fig. III. 4. 4). 

The interpolation to the passage of the sa- 
tellite at 02, 13 UT 103,13 Central European 
Time, MEZ) gave the following temperatures! 
for f. = 1 7. 7°C 

for 6 = 0.9 9. 6°C 


2,13 GMT s 3.13 MEZ 



Fig.HI.4,4. Surface temperature of the pine forest near 
Hartheim between 29,5,78 23,00 UT and 30,5.78 04,00 
UT, calculated from the measured longwave radiation 
fluxes for two values of the thermal emissivity 
(GOSSMANN 1980 a). 


^ These data were made available by Prof. 
Dr. A, Kessler and Dr. L. Jaeger of the 
Meteorological Institute, Freiburg University* 
Their helpful cooperation is gratefully 
a cknowledged* 
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Assuming the thermal emissivity of the pine 
forest to be similar to that of other forms of 
vegetation, i, e. have values between 0, 97 
and 0. 96, the surface temperature of the ca- 
nopy (Tg) would be in the range of 9. 0 * 0. 20C. 
Y *-v ha calculation of lg the atmospheric re - 
tlrcdon was takon into account. The atmos- 
pheric corrections calculated with the WIN- 
DOW model using radiosonde data from Stutt- 
gart affected T by less than 0, 1°C. The 
© 

satellite measured surface temperature 
(T sa t) was between 8 and 9°C and differed by 
less than 1°C from the expected temperature 
Tsai* A possible source of error may be a 
certain inhomogeneity of the surface observed* 
Furthermore, it should be noted that the 
canopy temperature was derived by interpola- 
tion from hourly mean temperatures. The 
minimum of the curves in Fig, III. 4, 4 being 
an hourly mean value, it is somewhat higher 
than the lowest temperature which would have 
been observed approximately around 03. 00 UT. 
Therefore, also the temperature found by 
interpolation for 02. 12 UT is too high by a 
few tenths of a degree. Further details may 
be found in GOSSMANN (1980 a, b) 

b) Fog surface 

On the HCMM night scene of November 10, 

1978 (A -A0 1 98-01 230-3), a continuous high- 
lying fog layer covering Southern Germany 
could be identified. The fog layer also showed 
up clearly on the temperature and humidity 
profile of the atmosphere measured by radio- 
sonde Stuttgart at 00 UT. 

In the calibration procedure it was assumed 
that the emissivity of the fog layer was equal 
to 1. 0 and that its temperature remained con- 
stant between 00 and 01. 23 UT. Taking the 
temperature of the fog layer as given by the 
radiosonde and correcting for the influence 
of the atmosphere above the fog, the HCMR 
should have measured a temperature of 
- 2. 7°C. Actually, a temperature between 
-6. 8 and -7, 8°C was measured by the HCMR. 


2 . Grass-airfields (R, Gombeer. Laborato- 
rium voor Bodemgenese en Bodemgeo- 
grafle. Katholieke Unlversiteit. Leuvenl 

Comparison between satellite registered tem- 
peratures and soil temperatures were per- 
formed on a night infrared recording (02, 13 
UT) of 30 May 1978 (scene A-A0034-02130-3) 
and on 0 day-infrared registration (11,46 UT 
of 16 September 1979 (recorded by CMS 
Lannion, France)). Both HCMM-scenes are of 
good quality and show the Belgian territory to 
be completely cloud^free. 

The HCMM digital data were visualized by 
means of the NMAPW - programme as a bright- 
ness classification printout at an approximate 
scale of 1/200, 000 (Fig. III. 4. 5). Airfield 
areas were located and delimited through op- 
tical superposition of this printout with road 
and/or topographic maps using a Zoom 
Transfer Scope. The scan direction of the 
HCMM Radiometer was indicated for each 
scene on each map to be superimposed with 
the printout. This direction could be deter- 
mined by a number of reference points which 
were located on the same scanline and which 
could be clearly identified and localized both 
on the maps and on the computer print (forest 
edges, lakes, small urban areas). As print- 
outs are somewhat (scale) deformed, maps 
were stretched perpendicular to the on-map 
indicated HCMR scan direction and scale ad- 
justments were made in order to achieve op- 
timum congruency, 

Stretch factors were determined from the 
geometry of pixels which are represented by 
different printing symbols (according to their 
classification) on the NMAPW - line print (cfr. 
Fig. III. 4. 5). 

For the HCMM -scene recorded on 1 6 Septem- 
ber 1 979, the delimitation of airfields was great- 
ly facilitated using NMAPW -printouts of both 
the visible and the IR- channel. On a printout of 
the visible channel (which is congruent with 
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Fig III 4 5 The delimitation of Zaventem (upper area) and Beauvecham (lower area) airfields on a 
NMAPW visualization printout (Night IR. 30 May 1978) (GOMBEER 1980) 


the <iay-IK band) the localization ot airfields 
was achieved using the position of urban areas 
as a reference. 

Such areas stand out clearly (low reflectance) 
and are easy to locate on a printout of the V1S- 
channel. Th.s technique proved to be neces- 
sary for geographic areas (Leemstreek, 
Coastal area) without any forested parts (e. g. 
Oostende, St. Truiden, Bierset). In forested 
areas (Ardennes) or especially in cases where 
forests were located ii. the vicinity of the air- 
field, the positioning of the latter was greatly 
facilitated on a day-IR printout, on which 
forests stand out by their low temperature 
range (e. g. Kl. Brogel. Spa). 

Ground temperatures (T ) were provided by 
the meteorological stations (Kegie der Lucht- 


wegen, Directie Meteorologie) located at 14 
airfields distributed over the Belgian territory. 
These soil temperatures are recorded conti- 
nuously (day and night) by electrical resistance 
thermometers placed at different soil depths 
(2, 5, 10, 20, 50 and 100 cm). In this cali- 
bration study the temperatures at a depth of 
2 cm (grass covered soil) were used. 

These kinetic temperatures (T f ) were con- 
verted to radiometric temperatures, T^, using 
an emissi*Mty of 0.^89 (BECKER et al. 1^80), 
T^e atmospheric corrections were calculated 
with the WINDOW program using radiosonde 
data from Uccle. In contrast to former results, 
measurements from corresponding night and 
day radiosonde ascensions were available tor 
the calculations. 
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The radiometric temperature measured on 

the ground (Tg), the atmospheric cor rection 

and the temperature to be measured by the 

HCMR (T* J| as well as the difference bo- 
sat 

tween calculated and measured surface tem- 
perature are presented in Table 111, 4. 5, 
Differences between these results and those 
calculated earlier (REINIGER 1 9b0) are due 
to the use of the WINDOW instead of the 
RADTRA model and of the appropriate day 
radiosonde data for 16 September 1979 in- 
stead of the nighttime data used previously* 



Airfield 

V*K 

Atmos,. 

4 K 

corr. 

Tfl, *K 

WK 



Zavenlem 

287 7 

•o.e 

287 1 

^84.4 

2.7 

£ 

Beauvechin 

287.2 

•0.5 

286.8 

283.1 

3.7 

s' 

St. Truider. 

287 4 

*0.0 

286.9 

283,4 

3.5 

2 

GoetsenNoven 

266.5 

*0.2 

280.3 

202.9 

3.4 


Mufite 

287.6 

+0 5 

287.1 

284.1 
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Moan 





3 310 4 


Melsbrook 

296,8 

3.3 

293.5 

289,3 

4.2 


Deurn e 

295.7 

3.1 

292.6 

287 5 

5 1 

g 

2 

Chiuvreu 

293.4 

2.7 

290.7 

284.3 

6.4 

ID 

•• 

w 

Kl. Brogel 

294.5 

2.9 

291,6 

285.8 

5.8 

i 

Oostende 

296.3 

3.2 

293.1 

287,0 

6.1 

s 

</> 

Koksijde 

294.8 

2.9 

291 .9 

287.5 

4.4 


St. Hubert 

290,7 

2.2 

288.5 

282.1 

6.4 


Spa 

291 9 

2.4 

289.5 

282.6 

6,9 


Mean 





S.7M 0 


Table 111.4.5 Ground temperatures, satellite temperatures 
and atmospheric corrections for the HCMM passes of 
30 May 1978 and 16 September 1979, All temperatures 
are radiative temperatures, (GOMBEER 1980) 

The mean difference between the measured 
and the calculated surface temperature during 
the night of 30 May 1978 was 3, 3°C for the 
five airfields; while the daytime difference 
on 16 September 1979 was 5* 7°C* In evalua- 
ting these results, one has to take into account 
the heterogeneity of the pixels comprising the 
airfields as well as the fact that on the ground* 
surface temperatures were measured at a 
depth of 2 cm, Between this depth and the true 
surface temperature differences of a few de- 
grees are easily possible. 


3* Lac Leman (P, Relnfger, JRC, Iapra) 

Lake Geneva (Lac Leman) is the largest AX* 
pine lake with a surface of 581 km 2 and a 
maximum depth of 310 m. It is 73 km long 
and reaches a width of 14 km with its center 
approximately at 46° 27*N> 6° 30VE, The wa- 
ter surface is regulated at around 372 m 
above sea level. The lake is divided into the 
11 Petit Lac M between Nyon and Geneve and the 
"Grand Lac" west of Nyon (Fig, III. 4.6.). 



Fig.lll.4.6. Measuring points of water temperature In 
Lake Geneva (from "Rspport sur les itudes et recherches 
entreprises dans le bassln I6manique" Campagne 1978), 

Its size, the availability of water surface tem- 
peratures and a considerable number of sui- 
table HCMM scenes make of the lake a rather 
attractive reference target for calibration of 
the HCMR. 

a) Lake surface temperatures 
The "Commission internationale pour la pro- 
tection des eaux du Lac Leman contre la pol- 
lution" measures, among other parameters, 
water temperatures at monthly intervals at 
15 points in the lake (Fig. HI. 4, 6). Surface 
temperatures from 10 points in the "Grand Lac" 
published by the Commission international 
(1978, 1979) were used in this investigation. 
For each month of 197$ and 1979 the lake 
temperature was calculated as the mean of the 
temperature at the 10 measuring points a^d a 
seasonal lake temperature curve was con- 
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structed. The kinetic temperature wai trans- 
formed into the radiometric surface tempe- 
rature (Tg) using an emissivity of 0.9815 
(BECKER et al. 1480). The effect of the heat 
flow at the water-air interlace (HASSF. 1971, 
PAULSON and PARKER 1972) was not taken 
into consideration. 

b) HC MM scenes 

Computer compatible tapes of 22 satellite 
scenes between 3 June 1978 and 26 May 1980 
were employed. The scenes are listed u 
Table III, 4. 3. The scenes were visualised 
on a video screen and the lake surface was 
delimited using the IMREC program of the 
Laboratory of Image Processing (LIP). 

In most cases, this could be done directly on 
the thermal image, except for the autumn 
scenes where the temperature contrast be- 
tween water and land was not sufficient. In 
these cases, the visible channel was em- 
ployed to delimit the lake area. The area 
close to the shore was excluded to avoid using 
mixed land-water pixels. 

The delimitation process was checked on 
printout maps of the lake surface tempera- 
ture and on the histograms of the tempera- 
ture distribution. Slight problems were posed 
by the contrails of aircraft, as a major Euro- 
pean N-S airlane passes over the lake. Areas 
covered by contrails or clouds visible on the 
video display were excluded from the lake 
surface. 

For the remaining surface of the lake, thu 
mean satellite measured surface temperature 
(T ga |) Anc * standard deviation were then 
calculated. 

c) Atmospheric corrections 
Atmospheric corrections were calculated 
with the WINDOW model using atmospheric 
soundings from Payerne. 30 km N. E. of the 
Lake. Night (00. 00 UT) and day (12. 00 UT) 
radiosonde data on magnetic tape were pro- 
vided by the Zentralamt des Deutschen Wet- 
terdienstes. Offenbach am Main. Formerly 


(RE1N1GER 1980) only nighttime radiosonde 
data from the European Meteorological Bulle- 
tin were available. 

4. stgtaiiudti jyilmcrt iral V. 

w nncn. lnttitmt tflxJdcisarpkttv dad 

Climatology u the I’nivermtY of Hannovg r) 

During the Joint Measuring Campaign of June 
1979 at Ruthe, Northern Germany, water 
temperatures of a lake, Steinhuder Meer, and 
of an irrigation pond were taken for the cali- 
bration of thermal aircraft and HCMR data. 
The temperature sampling points on the lake 
and the superimposed grid of the HCMM scene 
are shown in Fig. 111.4.7. 



O Location of ground control point 

Fig. III. 4 . 7. Control points on Lake Stemhude and grid of 
pixels from June 22nd 1979, 00:25 GMT, 


Unfortunately, during the night of l valid 
HCMM overpass on 22 June 1478, continuous 
water surface temperatures were only record- 
ed at the irrigation pond, too small to show- 
up on the satellite scene. Therefore, a rela- 
tion was established between water surface 
temperatures of the lake and of the irrigation 
pond and using this relation, night lake sur- 
face temperatures were deduced from davtime 
lake surface temperatures measured on 22 
June 1474. For the calibration of 16 June 147S 
only one measurement of the water surface 
temperature was available. 
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Atmospheric corrections were calculated 
with the KORR model (WIENERT 1980) and 
the WINDOW model. The resulting calibra- 
tion curve of the HCMR for 22 June 1979 is 
shown in Fig, III, 4. 8 indicating an offset 
of the calibration of 10, l°C. Correcting for 
thermal emissivity, this offset is reduced to 
9. 1°C. Further details of the calibration 
procedure, as well as the influence of various 
thermal emlsaivities and of reflection are 
given in an extensive report (WILMERS and 
WIENERT 1981), 



Fig.lll.4.8. HCMM calibration Steinhuder Meer, 

22,6.1979; 

5. Crau- grassland. (B. Seguin, Bioclimato- 
loeie INRA -Avignon, P. Reiniger, JRC, 
I spra) 

During the summer of 1978 (July-October) 
and from April 1979 to March 1980, the sur- 
face temperature of one irrigated and one dry 
grassland plot was monitored with a Beiman 
KT - 24 infrared radiometer. The radiometers 
were installed in two measuring stations which 
formed a part, respectively of an irrigated 
zone of 1 0 - 30 km and of a dry zone of about 
100 km 2 . These two measuring stations di- 
rectly furnished the values of Tg for the cali- 
bration, Three night/ day/ passes of the satel- 
lite, i, e. 6 scenes of the summer oi 1 978 
were geometrically rectified and superim- 
posed on a topographic map on a scale 
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1 \ 250, 000. In this way, the location of the 
measuring station could be identified on the 
HCMM scene and the corresponding satellite 
measured temperature (T sat ) could be ob- 
tained. 

Tha fact that even “homogeneous 1 ’ land surfa- 
ces present considerable temperature diffe- 
rences and that the geometrical correction is 
not better than + 1 pixel f may lead to differ- 
ences in of up to 2°C, This effect is es- 
pecially noticeable as one measuring station 
was established rather close (~500 m) to the 
border between the irrigated and the dry zone. 
Day and night (00. 00 and 12. 00 UT) radioson- 
de data from Himes, distant about 30 km from 
the site were used in the WINDOW program for 
atmospheric corrections to calculate 
The radiosonde data on magnetic tape were 
provided by the Zentralamt des deutschen 
WettercUensCes, Offenbach am Main. The re- 
sults of this calibration attempt are presented 
in Table III. 4. 3. 

6. Land and water surface. The Netherlands 
(G.J.A, Nleuwenhuis, ICW, Wageningen) . 

The calibration attempt was carried out at 
the occasion of an underflight experiment with 
a 4-channel thermal scanner carried out on 
31 July 1978 in the Province of Drenthe. 

Ship -born water temperatures of the North 
Sea and Lake* Ij ssei were obtained. These 
measurements were not converted to radio- 
metric temperatures. 

Over land the maximum and minimum tempe- 
ratures observed on the airborne scanner 
served as ground temperature (T ) for com pa- 

O 

rison with the satellite measurements, At- 
mospheric corrections were calculated with 
the RADTRA model using a value of -10. 0 
and radiosonde data from De Bilt, The cor- 
rections were applied to T gafc and not to T g 
as in the other calibration attempts. 

7, Adriatic Sea (G. Maraccl. JRC, Ispra) 

The sea surface temperature was measured 
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from an oceanographic platform situated off 
the coast of Venezia (45° 19 'N, 12° 31 'E). 
The measurement was carried out with a 
PRT-5 radiometer, vertically 8-10 m above 
the sea surface and simultaneously with the 
passage of the satellite, During the day-time 
passage the transmittance of the atmosphere 
was likewise measured with a 4 -channel 
LANDSAT -compatible radiometer (EXOTECH 
mod, 100), The HCMM surface temperature 
was taken as the mean of 58 pixels around the 
platform with a standard deviation of 0, 4°C, 
Atmospheric corrections were calculated with 
the WINDOW model using atmospheric soun- 
dings from Udine, 1 00 km to the N. E, of Ve- 
nezia. The results are presented as part of 
Table III ii 4, 3, 


Orbit 7290, equator crossing 
time 11*50 UT; 

TIROS -N 14. 01 UT 

The following temperatures were recorded by 
the two satellites (°C); 



HCMM/Ni«ht 

HCMM/Day 

TIROS-N 

S«a 

10.8 

1.1,5 

19,3 

Crau-dry 

6.9 

25.9 

32,8 

Cr»u*«fr 

5 .7 

21,1 

28,3 


The daytime temperatures observed by the 
HCMR were lower by 6, 9 - 7. 8°C than those 
indicated by TIROS-N, 


Conclusions 


Comparison with Thermal Data from Other 
Satellites 

A first comparison was carried out with data 
from NOAA-5 and from TIROS-N, Superpo- 
sition of the scenes was carried out by 
CTAMAN-Ecole des Mines, Sophia Antipolis, 
The comparison with NOAA on 17 July 1978 
concerned an area of 643 NOAA-5 pixels in 
the Mediterranean Sea, south of Marseille, 
HCMM scenes AA, 0082-0208. 03 
AA. 0082-1340. 0. 2 
NOAA-5 passage: 08.35 UT 

The following temperatures were recorded (9c) : 
HCMM/Night NOAA -5 HCMM/Day 

14. 1 + 0 o 5 26. 3 ± 0. 5 16, 5 ± 0. 8 

showing a difference of 10 - 12°C between the 
radiometers of the two satellites, the HCMR 
giving the lower temperature. 

The comparison with TIROS-N on 31 August 
1 979 again concerned the Mediterranean Sea 
south of Marseille and, in addition, a dry and 
an irrigated are of the Crau. 

HCMM scenes: Orbit 7283, equator crossing 
time 00. 30 UT; 


Analysing the calibration data concentrated in 
Table III. 4, 3, a few conclusions may be 
attempted: 

1. From 34 to 528 days after launch (AL) there 
seems to be no long time trend in the calibra- 
tion of the HCMR. The regression of AT on the 
number of days after launch, AL, is given by 
the equation 

AT = 5. 85 + 4. 53 x lfl“ 4 AL 
withahighly non- significant regression coeffi- 
cient of R 2 = 7. 72 x lO -4 . 

2. The intercept of the above regression equa- 
tion of 5. 85 indicates that the offset of 5. 5°C 
which had been introduced into the calibration 
equation of the HCMR after the validation study 
by SUBBARAYUDU (1979) was not valid during 
the whole period investigated. The differences 
of between 7 - 1 2°C with temperatures measu- 
red by NOAA-5 and TIROS-N point in the same 
direction. 

3. The linear regression of T* , the theore- 

s a t 

tically correct satellite temperature, on ^Sat* 
the actual temperature given by the HCMR is 
represented by the equation* 



The regression was established for 39 of the 
43 points in Table III. 4. 3 excluding point (6), 
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Again, the intercept of 7, 55 shows that the 
offset of 5,5°C should be abandoned. Th 
low regression coefficient R = 0. 64 indicates 
that the relation is not linear or that the 
ground or satellite measurements, or both, 
do not form homogeneous populations* This 
could point to sporadic changes in Scanner 
performance* 

4, The assumption that the calibration of the 

HCMR is not linear is statistically supported 

by the parabolic regression of T* . on T , 

sat sat 

given by.* 

T* t = 6.87 + 0.7X^0.01 (T sat ) 2 

with a regression coefficient R 2 = 0. 89. 

When drawiag conclusions, though, one should 
consider that the high temperatures respon- 
sible for this non-linear regression were all 
measured with the same type of radiometer on 
the Crav test site (5), Therefore, erroneous 
readings at high temperatures of this radio- 
meter are not to be excluded, though inde- 
pendent measurements in the Netherlands (6) 
seem to speak against this hypothesis, 

5, The hypothesis of sporadic changes in the 
calibration is not to be excluded as 38 days 
after launch, calibration results over a pine 
forest In Germany (1) and over Lake Geneva 
(3) agree with those of SUBBARA YUDU (1979) 
at White Sands, This is no longer the case 

54 days after launch. 

6, One may conclude that much additional 
work is needed on the calibration of thermal 
infrared data from satellites. Data from dif- 
ferent satellites should be intercalibrated and 
suitable reference surfaces should be delimi- 
ted and monitored regularly. 

Albedo 

No ground measurements of albedo were 
carried out for calibration purposes and, the- 
refore, data from the literature had to be 
used to comment the albedo values furnished 
by the HCMR in the 0. 55 - 1. 1 yiim band. 

Table III. 4. 6 presents the albedo measured 



17.7.71 

26.7,71 

12.6,76 

Crtu Irrlg. 

0,16 ± 0,012 

0,13 i 0.012 

0,14*0,017 

Cr«u dry 

0,16 *,0,010 

0.16 tO, 010 

0,14 ±0.012 

Mi 


0,13 ± 0,004 

0,04 1 0,007 


Table 111,4.8* Satellite measured alteuo of an irrigated and 
of the dry zone of the Crau and of a part of the 
Mediterranean Sea (REINIGER eta), 1981), 

by the HCMR over an irrigated and over a 
dry grassland area of the Crau (Southern 
France) and over the Mediterranean Sea* 

These values are on the low side compared 
with results of ground measurements of albe- 
do found in the literature. On a grassland site 
about 30 km from the Crau, albedo values 
ranging from 0. 19 - 0,2? were observed 
(SEGUIN 1978), while measurements from a 
helicopter over natural pastures in Israel gave 
a value of 0, 19 in the dry and of 0. 29 in the 
rainy season (3TANHILL 1970). The albedo 
of water is given as a rather constant value of 

0. 05 (MONTEITH 1973), 

The differences of 20-40% between the albedo 
measured by the HCMR and those measured 
on the ground can be explained by the effect 
of the atmosphere, which can be assumed to 
have this order of magnitude. It should further 
be noted that albedo on the ground is measured 
in the 0. 4 - 3, OyUm band compared to 0. 55 - 

1. 1 yUm for the HCMR. 

The albedo of the Crau in Table 111, 4, 6 com- 
pares well with that measured by NIMBUS II 
over the coastal region of Israel with values 
of 0. 15 - 0. 20 on 30 June 1966 and 0, 10 - 
0. 15 on 5 July 1966 (POUQUET and RASCHKE 
1968). 
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Part 5 ■ Development and Application of Auxiliary 
Methods and Techniques 


1. Usage of Filtering Techniques for Scaling- 
up Simulation 

Vi 01 G*nnaro 

C*ntro Studi Application! Tecnoiogi# Avanzai* 

Safi, Italia 


Introduction 

It is well known that the grey level of image 
pixels depends on the radiance coming, in a 
particular spectral range, from the ground 
areas corresponding to the pixels. If each 
area is homogeneous no problem exists in its 
interpretation; if, on the contrary, a lot of 
different objects are contained, they contri- 
bute, in different ways, to the overall grey 
level of the pixel. 

The problem becomes more important as 
greater dimension pixels $ re involved, i. e. 
the problem must be faced to understand the 
informative content of the data. 

Images from HCMM are a typical example of 
this with their pixels, dimensioned 500 x 500 
m, It is then necessary to study the so-called 
scale effect to understand how detailed infor- 
mation aggregates give rise to low or very low 
resolution data as they are detected, for ex- 
ample, from a high altitude platform. 

The first question to which this work was de- 
voted was the simulation of HCMM data start- 
ing from bette r resolution ones, 

The following approach was adopted however i 

- to determine a methodology which permits 
the correlation of different resolution data; 

- to test the methodology for the simulation of 
slight altitude increase (usage of aircraft 


data); 

- to simulate if possible HCMM images, 

The methodology is based on filtering tech- 
niques in the hypothesis that ail changes due to 
altitude increase can be represented by a point 
spread function. These aspects, together with 
a M practical 11 introduction to the filtering tech- 
nique, are particularly stressed all along the 
work, As will be seen, no attempt is made, 
however, to simulate HCMM data; attention 
is mainly focused on the scale effect in its ge- 
neral aspects, also for its importance in pro- 
blems such as registration between images. 

Seal# Effect : Theoretical Modal 

Possible Reduction Methods 

At first sight the simulation of an altitude in- 
crease of acquisition platform consists of an 
image reduction and this is equivalent to a 
suitable smoothing. This can be achieved by 
two methods ; 

a) neighbourhood averaging techniques, 

b) filtering techniques. 

a) Neighbourhood ave raging techniques, 

These consist of an arithmetical or Weighted 
average of the grey values on a number of 
pixels equal to the reduction factor (for ex- 
ample 4 x 4 pixels if the reduction factor is 
16: 1). 


b) Filtering techniques* If this operation is 
realized in the spatial domain# it consists 
of the convolution of the image with the 
weighting mask and then of the decimation 
of the points according to the appropriate 
scale factor* 

It Is interesting to note that the former ap- 
proach can be viewed as a particular case of 
the filtering technique where the filter dimen- 
sions are equal to the reduction factor# In this 
case the two steps of convolution and decima- 
tion give an output equal to the averaging ap- 
proach output. 

In both cases the weighting mask has the role 
of a Point-Spread Function (FSF), so its shape 
(and hence the Modulation Transfer Function 
(MTF) shape) should represent the physics 
characteristics of the process. 

The averaging approach is certainly very 
convenient from a computer time point of view, 
but it is considerably limited for accurate si- 
mulations. The weighting mask must have, in 
fact, a Fourier transform as similar as pos- 
sible to the MTF process itself. Since the 
more FSF samples there are, the better the 
transform shape can be controlled, it is con- 
venient to use large dimensioned masks. 

In the averaging technique, however, mask 
dimensions are fixed by the scale factor so 
that for small reductions very little mask must 
be used with the consequent impossibility of 
controlling the MTF shape. 

Discrete Image Formation Process 

To understand how the function simulating a 
scaling up can be obtained, it is worthwhile 
examining the mathematical processes gene- 
rating discrete images, In a general manner, 
the ima gi ng process at th e two alt itud e s g an 
be briefly represented as follows? 
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where Tj i* the discrete Image at lower alti- 
tude qj 

? 2 is the discrete image at higher alti- 
tude q 2 * Kqj (K > 1) 
h| is the global PSF for image forma- 
tion at altitude q^ 

h' is the global PSF for image forma- 
tion at altitude q 2 * Kq^ (K > 1). 

This means that the same ground object is seen 
in different manners (i. e. with different PSFs) 
and so different images are obtained. 


The figure below shows a more detailed repre- 
sentation of discrete image formation process! 


ground 

object 

o(x.y) 

r rn 

£amgile r_ noise 

i p h 

Lhr 

j L 




i, e. each PSF is seen as composed of a conti- 
nuous PSF followed by a sampler. 

The assumption is made that the signal-to- 
noise value is sufficiently high so that the noise 
can be ignored. 

It is interesting to carry out a graphical deri- 
vation (in one -dimensional form) of the process. 


The assumption is made that SIPSF are invol- 
ved, so that the degrading process can in the 
same way be represented by its MTF. 

The ground object corresponding to the image 
being considered is represented by the function 
0(x) (Fig. HI. 5.1) while it is assumed that the conti- 
nuous PSF hj is given by Fig.HI.S.lb). The inte- 
gration performed on the photodetector surface 
is mathematically represented by the convolu- 
tion of Q(x) with hj, (x) (i. e. the multiplication 
of 0(f) and H L C i) (Fig, III. 5. 1 c). 
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The assumption can be made that the convolu- 
tion output has its spatial frequency content 

limited to a f* frequency, The filtered image 
M 

is then spatially sampled. The assumption can 
be made that the sampling system works so 
that the image has neither overlaps nor gaps 
between pixels. Referring, for example, to 
the scan in the flight direction, this condition 
is satisfied by the frequency. 


S noc 

where V * platform velocity 
h * platform altitude 
n a number of sensors 
<X * instantaneous field of view (IFOV), 
With this assumption and supposing the samp- 
ler is an ideal Dirac delta function, it can be 
written 

— +oo 

j <i> 


( .a roP . L 


Js-flO 


amp' 


where Ax is the pixel dimension depend ■ 
samp 

ing on the altitude and system IFOV. It is as- 

T (see 


sumed that for q^ altitude A x 


samp 


Fig.III.5.1d), As it is easily understood the samp- 
ling is equivalent to a multiplication in space 
domain, i. e. a convolution in frequency do- 
main. The result is shown in Fig. le. It must 
be noted that if the folding frequency (fs/2) is 
less than f^ (i. e. if data are undersampled), 


the aliassing phenomenon appears. 

To provide a mapping between transform do- 
main and image space and to permit trans- 
formed data to be handled by computer, it is 
necessary to discretize also the Fourier do- 
main. The so-called Discrete Fourier Trans- 
form (DFT) is accomplished by sampling the 
continuous Fourier transform by means of an 
fSamp wi(; k frequency step (Fig. III. 5. If); 

this produces the iteration of the space signal 
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From this it follows (ref. (if) that whan finite 
extent discrete arrays are involved* ^circu- 
lar convolution 11 must be used. 

It must be noted that in the frequency domain 
a number of samples is generated equal to 
spatial domain one (for primary components)* 
This number is obviously N » T Q /T* 

The same graphical derivation can be' carried 
out for the upper altitude (q^) image* The 

input (ground object o(x) is the same as inFig. 

III. 5.1 .a. Generally* the acquisition system is 
a different one so a new PSF, h^x) is now 
involved; referring to the case of a loss of 
resolution, the width of its non-zero region 
is, however, greater than the lower altitude 
one. 

In this particular case the acquisition system 
is the same, the upper altitude PSF can be 
assumed to be carried out only by means of 
geometrical properties; other effects due to 
altitude increase (just like atmospheric ef- 
fects, etc. ) are not taken into account. 

In this hypothesis the timescaling relation is 
used (ref. /3 /), i. e. if K is the altitude fac- 
tor, then 


as it appears from Fig. Ill, 5. 1 g * For the two-dimen- 
sional case, this periodicity is equivalent to 
the situation depicted as follows: 


h 2 (x) = hjfx/K) (2 

H 2 (f) . KHj (Kf) 

If the two altitudes are twice the other, the 
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h 5 (x) can be represented as In F!g.UI*5»2bwhere 

Z i 1 

£ w * l/Z f* ; Fig JIL5,2c shows the convolution of 
M M 

this PSF with the ground object, 


It is not so easy to solve equation (3b) if an 
operation inverse to the convolution were to 
be used, 


Also the pixel dimensions are obtained by 

means of the scaling of the lower altitude pixel, 

i. e, now & x s 2T, as can be seen in 
samp 

Fig, III, 5,2a; the result of the sampling is repre- 
sented in Fig,III,5,2e, It is obvious that now the 
sample's number is half the lower altitude 
one. The step corresponding to Fig,III,5»2f and 
Fig,III,5,2g is equivalent to that soen in Figs, 

III, 5, If and 111.5,1 g, 

Determination of a Scale-Change Function 


A Fourier transform pair g**G which permits 
one to carry out directly from must be 
defined. This pair must satisfy the relations 




(3a) 

(3b) 


where with (7 2 ) t he DFT of (i ) is de- 
noted, 1, e, a complex function. It immediately 
appears that such a determination can be easi- 
ly made in the frequency domain. In fact, if 


3 ! (u, v) s Ij(u, v) exp [i f (u, v) 

J 2 (u, v) = I 2 (u, v) exp [i <j>{ u, v) 

G(u, v) a G(u, v) exp p (u, v\ 

Solving the equation (3a) gives G(u, v) = 
G(u, v) exp f i p (u, v)] where 

G(u, v) = I 2 (u, vj/l^u, v) 
p(u, v) = p (u, v) - f (u, v) 


(4) 


(5) 


Liv and Gallangher give a detailed desc ription 
of the problems involved in minimizing the 
error between an< ^ functions. The 

main problems concern 1 ^ and phases 
choice; in the present form phases are, how- 
ever, neglected so that the model is restricted 
to magnitude values, i. e. 


G * 


G/u, v) = I 2 (u^}/i l (u 1 v) - I ^ am P/ I s am P 

( 6 ) 


In order to realize a significative comparison, 
the same number of samples, for the two al- 
titudes spectra, should be used. Because 
jsamp primary component with N' 

samples, it is convenient to enlarge it up to 
N samples by adding zeros. Then the spectra 
to be compared are; 


lui 

L * 

jsamp 

Li 

IL j 1 


T wmp 

A 2, enlarg 

L .tit 

K— - 





Referring to the primary component N sam- 
ples, it is possible to write 


I,* araE ; = 0(f)- H, <£)■£’“"’ 

2 , enlarg w 2' 

lJ am P =0(£).H 1 (£).f samp 

so it is true that 


samp 
*2, enlarg 
samp 


H'(f) 

H{(f) 


where H' 9 

I, 4 


(*) » H . 

A f 1 


samp 


(?) 


( 8 ) 

(9) 


is the acquisition system's continuous MTF 
sampled with 1 /T q step. 

The expression (8) states clearly that the G 
function can be carried out either directly 
from the data or from information on the ac- 
quisition system. 

Since spatial filters are passive devices, 
they do not amplify the signal. The G func- 
tion then must satisfy the constraint 

G(u, v) 4 1 . 


While this must be tested for different sen- 
sors, it is automatically true when is car- 
ried out by the scaling of ; this also pre - 
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vents any problem coming from zeros,*' 
The g function is obtained by means of the 
Inverse Discrete Fourier Transform (IDFT), 
This g is constituted of N samples, but only a 
few of them are different from 0* 


- determine the appropriate scale change 
filter* 

* perform the filtering operation* 

Determination of the Scale Change Filter 


Before applying the proposed method for a 
generical scaling-up, it is better to verify it 
by performing the filtering in order to re -ob- 
tain i^ starting from 1^* This operation can be 
performed either in the spatial or in the fre* 
quency domain. 

In the latter one, for to be re -obtained, 

the multiplication of G and i* axr) V must be 

realized. This gives, however, so 

4 1 enlarg 

it is necessary to reduce it by dropping (N-N")/2 
zero value points at each edge. 

The filtering in the spatial domain is obtained 
making a convolution of with the g samples* 
The output consists of N samples T -spaced 
whose spectrum is just , If a deci- 

mation of samples is made with a factor K 
equal to the scale factor (in the particular 
case of 2.2 K - 2), i s just obtained. 

The decimation is in fact equivalent to the con- 
volution in the frequency domain with a pulse 
train, spaced L/KT. 

This produces a loss of a part of the spectrum 
due to the aliasing; this part is, however, just 
the one containing zero values so that the final 
result is similar to Fig. Ill, 5. 2g. 

It must be observed that the considered model 
is based on the assumption of the existence of 
a unique MTF for each altitude, i.e. in the 
hypothesis of shift -invariant PSF. If this is 
not true, the model is no longer applicable in 
its present form. 

Scale Effect : Operative Approach 

The problem involved in the simulation of a 
higher altitude image are: 


To solve the problem with a deterministic 
approach, it is necessary not to consider data 
any longer, but to use only a priori informa- 
tion. Referring to expression (8) the G filter 
can be carried out by means of ratioing dis- 
crete MTF s* 

This obviously requires the exact knowledge 
of transfer functions at each altitude; if these 
are not known, they must be constructed from 
the knowledge of imaging processes, of all 
degradation sources involved and of their 
models. 

A. quick survey of the principal degradations 
of an acquisition system is reported in App.II 
of/26/ but it appears evident that it is a very 
hard job to use this approach for carrying out 
the global transfer function. On the assump- 
tion, however, that the lower altitude MTF is 
known and if the image is seen at the upper 
altitude, but the same acquisition system is 
desired, it is 'pbssible to easily arrive at the 
G function. 

According, in fact, to expression (2), the G 
filter project procedure can be schemed as 
in Fig. IIL 5. 3. 

It must be noted that the time-scaling proper- 
ty can be indifferently applied, either in space 
domain or in the frequency domain. 

The significance of the operation G = H'^/H^ 
is the one explained in § 2,3, 

Neglecting the phase term, the function 


G 

m, n 


H_ H,. 

l* m , n , * i-m , n > -i 

5: " 11 h. 4 1 

1 m , n 1 m, n 


if ^2 id, n 


( 10 ) 


H 


> 1 


1 m, n 











»?S5S 

is computed* 

If the modulation transfer function information 
is not available, the scale change filter must 
be evaluated directly from the data. 

According to expression (6) the empirical 
approach is realized by ratioing the two alti- 
tudes image's spectra. 

For the use of the Fourier techniques to be 
meaningful, it is necessary to remove from 
the images all the shift -variant effects* Apart 
from the eventual SVPSF components of the 
acquisition system, there are some standard 
SV effects related to the acquisition itself. 

The actual procedure should consist of a de- 
convolution for these SVPSF s, but empirical 
methods are usually employed to correct data, 

In a first approximation two kinds of effects 
must be eliminated. The first is the so-called 
panoramic effect. This is due to the variation 
of the ground resolution when the view angle 
is changed (see Fig. III. 5, 4), 

If this geometrical effect is left uncorrected, 
it gives incorrect spatial frequency values, 
especially for aircraft data where panoramic 
effect is more relevant. The correction can 
be done by using resampling techniques which 
obviously yield an increase of the sample num- 
ber in the direction normal to flight -line. 

Another effect depending on the position in the 
image plane is that due to the different atmos- 
pheric thickness for nadir and off-nadir ob- 
servations. This yields a symmetrical lower- 
ing of the values at image edges with respect 
to actual values. 

Instead of the deconvolution approach, this 
effect can be statistically corrected by means 
of best-fit techniques. The assumption is 
made that fo r almost unifo rm re gions in the 
image, the profile of the average Values of the 
co lumn s in t h is reg ion can be fitted w i th a 




second order polynomial. 

An example of this kind of correction is re- 
ported in Figs, 111,5,5 and 111,5.6, The first shov/s 
a corrected and an uncorroctcd 3000 m air- 
craft image, while Fig, 6 shows the profiles 
of average values of the columns (averaged 
on a number of lines). Actually there are two 
competing atmospheric effects present in re- 
motely sensed data (ref, 5), The first Is the 
attenuation which reduces the magnitude of 
sensed radiation. 

The second is an active effect represented by 
scattering and/or emission. The balance be- 
tween them depends on the scan direction re- 
lative to the sun's position. If the scanner 
looks toward the sun, the dominant effect is 
the attenuating one. The opposite effect domi- 
nates if the scanner looks away from the sun. 

It follows that the proposed correction is not 
completely exhaustive while a third -order 
curve should be necessary for a better cor- 
rection; no attempt has however been made. 

Another effect is that coming from atmosphe- 
ric thickness increase due to platform alti- 
tude increase. As ref. 6 leads to simulating 
the increase Of optical thickness, a linear 
transformation can be used which is indepen- 
dent of starting haze level, but dependent of 
added layer. It can then be considered shift- 
invariant and nothing VS been done to take it 
into account. 

When all known shift -variant effects have been 
removed both from lower and upper altitude 
im ages, Fourier te c Unique s can be a pp lie d 
(in the assumption of SIPSF of the instrument). 

In the following step the Fourier transform of 
"corrected 11 images at different altitudes must 
be calculated. 

Given a discrete image in the form of the finite 
sequence ^(n^, n^)} , = 0 , . . . , N - 1 , n^ = 0 , 
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• > « i N-l, its two -dimensional disc refce Four- 
ier transform is obtained as the z-trawiform 

pj 4 I 

along the two circles z ^ « e- # z^ * * n0 #*** 
the transform is 

I ( k l' k z) * I ^ z i * Z 2^ J Zj s *xp 0(27^/14)] , 

z 2 = exp [j(2rk 2 /N)l * 

N-l N-l 

" Z Z, l(n r n 2 ) exp C-KzrkjMj/N)! 

n^O n 2 ~0 

*xp W(21'h 2; n 2 /Nyi 

with k^ a 0, . ». • i N-l , k^ » 0, ♦ ♦ > , N-l ♦ 

From an implementation point of view this 
two-dimensional transform is obtained by per* 
forming two one -dimensional transforms as is 
shown hereunder: 



so that fay multiplying the pixel of coordinates 
nj+rig 

(nj ! n^) by (~I) , the requested transforit/ 

is obtained. 

The software in its present form (implemen- 
ted on IBM 370/158) produces only the spec- 
trum of the image, l,e, being generally the 
Fourier transform complex 

F(u, v) s R(u, v) + J I (u, v) (14) 

the available data are 

|F(u,v)[« [r 2 (u,v) + I 2 (u, V )] 1/2 (15) 

After the two altitude images' spectra are ob- 
tained, in accordance to (6), the scale change 
transfer function is carried out by ratioing 
these spectra, This ratio can be performed 
either on a point-to-point basis or in an inte- 
grated manner, 

The first approach is certainly more general, 
but it is also more subjected to local fluctua- 
tions, The integrated approach consists in 
subdividing the original spectra into a lot of 
little areas as is shown in the following sketch 


It must be noted that the result has a phase in 
which the meaningful parts of the transform 
are at the corners of the display. To help 
visual examination of the transform, it is con- 
venient to shift the origin in the centre of the 
N x N points frequency domain. This is ob- 
tained either by re-ordering transform coeffi- 
cients or by making use of the translation pro- 
perty of the Fourier transform pair 


f(x, y) exp [j2r(u o x+v o y)/N] F(u-u q , v-V q ) 
i. e. (12) 

i(nj,n 2 ) exp[j(2Tk 1 n 1 /N)l exp fj2rk 2 n 2 /N)l 

S = >](m 1 -kj , m 2 -k 2 ) 

if the shift is kj = k, = N/2 then 


«xp [;BJ-(k.r. 1 +k.r. i )/N] . = 

<-l>“ l+ ” 2 



The ratio of partial energies of correspond- 
ing regions gives the shape of the G function. 
On the assumption of circular symmetry of 
the scale change filter, the regions to be 
ratioed can simply be the rings. 

With respect to the proposal to obtain the 
scale change function for whatever altitude 
increase, two cases can Occur: 

i) if only the data of two altitudes are avail- 


( 13 ) 




| able, ft. i* possible to determine only one 

1 1 C function# Supposing the acquisition system 

used is the same, in order to simulate other 
j altitude data, the system MTF must be known, 

j It is then necessary to proceed by attempts 

! with the following steps] 

; li - the hypothesis is made that the system 

j MTF belongs to a certain class of filters, 

> - by means of time-scaling and of the model 

the corresponding code change filter is 
carried out, 

f - a comparison between supposed and true 
scale change function is realized which 
L J gives an answer as to how good the choice 

, ] is, 

I 

\ When the system MTF is carried out, other 

j altitude inc reases can be simulated with the 

ri method shown in Fig. III. 5.3, 

j ii) If at least data of three altitudes are avail - 
' able, it is possible to determine at least two 

j G functions. Writing these functions using 

the altitude factor as a parameter, it is pos- 
sible to directly obtain the G filter for what- 
ever altitude increment. 

Comparison Techniques between True ' 
and Simulated Images 

. After filtering has been performed, some 

methods must be established to carry out the 
comparison between simulation output and true 
[ image. A pixel -to -pixel comparison must be 

disregarded because such an approach presup- 
poses a very accurate registration between 
images. Also taking into account the phase 
factor and on the hypothesis that images do not 
f have any geometrical dis torsions, the regis- 

trated averaged error for N reduction factor 
is 1/2 N of the low resolution pixel dimension. 

It follows that for small reductions (such as 
\ aircraft data simulations), this error would be 
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rather high* 

instead of local techniques it is then conve/ 
nient to use image global Information* These 
techniques can be summarized as follows] 

i) image analysis in the space domain * 

- histogram comparison 

- entropy computation for the two images. 
Referring to ref. 11 it is possible to de- 
fine the entropy of an image as 

S = “i?i P i l ° g2P * (l6) 

where denotes the level probability 
(it is interesting to noti the introduction, 
in the same paper, of a specific entropy, 
i.e. a value independent of image area). 

This method permits to realize a compari- 
son of tv/o images simply by the compari- 
son of two numbers. 

ii) Image analysis in the frequency domain. 

- computation of spectra correlation. 

In the transform domain the problems 
arising from a point-to-point compari- 
son are smaller than in the space domain. 
Here, in fact, ‘';he registration of two 
spectra gives no problem unless the ori- 
ginal flight lines were not perfectly pa- 
rallel; in that case the true and simulated 
image spectra are slightly rotated one 
with respect to the other. If this is not 
the case, it Is possible to estimate the 
similarity between images by means of 
a measure of correlation of spectra. 

Any of the know fidelity functions (ref. 

12, vol. 3.1., 1.4.2. 3) can be used; the 
sum of absolute values of differences will 
be used in the following. 

- Spectra energy computation in correspon- 
ding regions. 

If an accurate registration between spec- 
tra is not possible, an averaging tech- 
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niquo muit be used. Remembering that 
the energy of a signal is the square of its 
spectrum, the total energy of the Fourier 
transform of each image is calculated 
adding the energy at each point (u, v) 

N-l N-i 

E t = Z Z E(u.v) (17) 

u=0 v=0 

with u, v s 0 f • • t , N-i. 

Calculating then the energy enclosed in 
circles or circular rings with origin at 
the centre of the frequency domain, it is 
possible to compare the corresponding 
energy percents jb of the two spectra. 

This is obtained by calculating 

ft * 10o[2 u Z v E(u,v)/E T ] (18) 

where the summation indices range over 
the samples lying inside the circles of the 
rings* 

Another averaging technique makes use of 
circular sectors* If, however, a rotation 
between spectra is present, the circles/ 
rings method must be preferred. 

Application Example 

Just as an example of the use of techniques 
seen in the previous paragraphs, a simulation 
of an aircraft day image in the inf ra- red 
channel is now examined. The data collection 
was made during the 1978 Joint Flight Experi- 
ment on test site Sibari by means of a Bendix 
MSS. During this campaign, data were detec- 
ted at different aircraft altitudes (500, 1000; 
1800 and 3000 m) but as a first attempt only 
500 - 1000 m simulation had been put into 
practice . 

The region considered (seen at 500 m) is repor- 
ted in Fig. III. 5. 7. 

According to the procedure described in § 3,1, 
the following steps have been implemented: 


- correction of 500 m and 1000 m original 
images. 

Since the Bendix* FSF is net known, the only 
corrections made concern the optical depth 
increase for scan angle and the panoramic 
effect. About the former, the correction 
has been calculated first referring to an 
almost uniform region and has then been 
applied to the whole 500 m image. Fig JII. 5.8 
shows the profiles (averaged on a number of 
lines) of the uncorrected and the corrected 
image* The same procedure has been re- 
peated for the 1000 m image. The panoramic 
effect has been corrected resampling data 
(with a cubic polynomial) in the scanning 
direction. Using 803 input samples, the 
algorithm has produced 1256 output pixels. 

A visual effect of this correction is shown in 
Fig, III. 5.9, where uncorrected image s (Fig JII. 5 , 9a 
is compared with the corresponding panora/< 
mic effect-corrected image (Fig,III,5,9b). The . 
two images are left-aligned (corresponding to 
the flight-line) ao that the pixel number in- 
crease becomes evident (a symmetric effect 
on the other side). 

- Choice of test area. 

The simulation procedure is performed on 
a segment 512 x 512 pixels dimensioned. 

In the whole region of Fig. Ill, 5, 7, the area 
shown in Fig. Ill, 5, 10 has been chosen because 
of the presence of spatial structures* For 
homogeneous areas, in fact, the scaling-up 
output is independent of the FSF used, so 
this case is not meaningful for the test. 

The scale change procedure should give an 
output similar as much as possible to the 
true 1000 m image (reported in Fig.III.5. 11 ) . 

- Fourier spectra computation* 

The developed software in its present form, 
neglects the phase information; besides, 
since the dynamic range of transform is very 
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large and In order to display It In Imago 
form on an I S Imaging system, it is necea- 
aary to compress the coottieient values in 
byte format. The whole spectrum range in 
then linearly subdivided into 256 levels. 
Images of Figs, lit. 5.10 and If are usedas input 
to the Fourier spectrum commutation pro- 
gram. The resulting outputs are reported 
in Figs, 111.5,12 and 13, respectively. For visual 
reasons they report the quantity l + log^ Jh|. 

As has been stated in § 2,2, the spacing be- 
tween frequency samples is the same, i, e. , 

A u * 1/Tq where T Q * N A x. 

In this case for 500 m image spectrum 
Ax a 1.25 m, N * 512 while for 1000 m 
image spectrum, Ax il 2. 5 ni, N = 256. It 
follows that the frequency domain dimensions 
are (see also ref. 8): 

5,2 "IXs 

256 Au s-T . 

4* P 

The maximum revealable frequencies are 

0, 5 * 0s 4 cycle s/m 

0, 5 * 0s 2 cycle s/m, 

Ratio of spectra 

As has been stated in § 4, the ratio of spec* 
tra can be realized either in an integral 
mode or In a point -to -point mode. 

An example of the former approach is re- 
ported in Fig. III. 5. 14 which shows one of the 
rings Into which the Fourier plane can be 
subdivided. The technique used is, however* 
the local ratio one) the (normalized) output 
Is in Fig. Ill .5* 15, The presence of structures in 
the spectrum can be ascribed to a little 
non-compensated rotation between the two 
original images spectra. 

Determination of an analytical scaling -up 
filter, 

As has been stated in | 3, 1, It is convenient 


to determine which class of analytical filters 
fits the true »caUng»up filter# 

In this case it has been seen that the ratio 
of a Butte rworth filter of the order 3 and 
a cut-off frequency 120 with its scaled ver- 
sion produces a G function which resembles 
the shape of the G filter (Fig.lII*5,l6). 
According to the model, the acquisition chain 
object-data at 500 rn altitude can then be re- 
presented by an MTF shaped Just like a But- 
te rworth filter (f * 120; order 3) so the 
corresponding G filter for whichever other 
altitude increase can be easily carried out, 

i 

- Scaling -up simulation. 

The image filtering has been performed in 
the space domain. Frequency domain filter- 
ing requests, in fact$ the multiplication of 
the spectrum by the filter* Since both have 
a quantification error and because the result 
must be re -quantified and antitransformed, 
referring to the present software, this ap- 
proach would be meaningless (for a good 
treatment of quantification techniques see 
ref, 9, chapt. 7), The two-dimensional 
spatial array obtained from G anti-transfor- 
mation has been convolved with the image 
of Fig. Ill, 5.11, and the result has been compared 
with FigJIi.5.12. 

- True r.nd simulated images comparison. 
Referring to the techniques exposed before, 
the histograms of the whole images have 
been obtained (Fig,III,5,17), Evidently, there 
is no similarity between them. This effect 
becomes* however, less evident if the histo- 
grams regarding a region, symmetrical With 
respect to the flight- lines, are considered 
(Fig.XU.5.18). The difference still remaining be- 
tween them can be further reduced by means 
Of a linear transformation. Calling, in feet, 

, Mji- 5j ( x 2* S 2 ) the grey level, the 

average value and the variance of the Simula- 
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tod (original) imago, respectively, a now 
imago was obtained with grey values x' 
carried out by moans of the relation 

x' » aXj + b 

S| 

"S' 

B ~ * aM^ 

Figure III. 5. 19 shows the comparison bo* 
tween the original and the new simulated 
image histograms* 

The hypothesis can bo made that this linear 
transformation accounts for atmosphere 
increase with altitude. 

When the transformation was applied to the 
whole image, no improvement was obtained. 

Two possible causes are suggested to justify 
this result: 

* along -flight direction pixels correlation 
(the correction of panoramic effect was 
realised, in fact, only in the scanning 
direction without considering the enlarge- 
ment of the pixel al so in the flight diroe - 

tiun), 

* shift-variant components present in the 
Bendix MSS PSF. 

As a further comparison method, the simula- 
ted image (complete) Fourier spectrum has 
been compared with the original one, From a 
visual inspection the filtering output is too 
lacking in high frequencies with regard to the 
true 1 000 m image, he. the filter used was 
revealed as the incorrect one. 

As an experiment, all the operations were re- 
peated with the Lane zos -Cappetlini filter with 
parameters N ~ 16: # - 0.2 5; m » l 5* Histo- 
grams and spectra reveal, however, no 
meaningful improvement with respect to the 
first attempt. 


Conclusions 

The most important results of this work can 
be summarized as follows; 

- singling out of main problems Which must be 
faced in scaling* up simulations, 

- determination of a simulation method, 

- software implementation of the method. 

The lack of information on the acquisition sys- 
tem used did not permit the realization of an 
exhaustive test of the proposed scaling-up 
methodology, 

Moreover, HCMM images have not been simu- 
lated, also because of the difficulty of regis- 
tering the few pixels coming from test site 
data with a whole HCMM scene, 

Further developments can, however, be pro- 
posed to improve the method. They can be 
summarized as follows: 

- utilization of atmospheric models to take 
into account the increase of the atmospheric 
layer, 

- correction of panoramic effect also in the 
flight direction, 

- better registration between the two altitudes 
starting images (if a rotation must be per- 
formed, it is convenient to subdivide it into 
two opposite half-rotations; this avoids the 
resampling affecting the two images in dif- 
ferent m anne r s , 

- introduction of the phase term in the Fourier 
transform computation and use of non-integer 
values for the transform itself. 

Besides, the module could be developed to 
carry out the scale change filter in a parame- 
tric form using the data of three altitudes; 
this avoids, in fact, the step of the deter- 
mination of instrument MTF« 


Many of its aspects make the proposed empi- 


rtcal approach useful only for the simulation 
of different altitudes data detected by the same 
acquisition system* If, on the contrary, images 
detected by different systems must bo simula- 
ted, only the deterministic approach can be 
used* The problem must then be faced to know, 
with a sufficient approximation degree, the 
MTF of the acquisition system, followed by 
applying the method of Fig ,111,5.3, 
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Infrared Effective Emissivities; Implications 
and Perspectives for Remote Sensing 
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Introduction 

Remote sensing in the thermal inf raved bands 
as 9*14 pri is very interesting because it pro* 
vide s a means to measure the energetic re- 
sponse of the Earth to its excitation by the attfc 
However, several problem a have to be solved 
before a relevant quantitative interpretation of 
the data can be made* 

First, the radiance of a pixel depends not only 
on its surface tempo raturei hut also on its 
emissivity and corollary on the radiance of its 
surroundings. Therefore, it is gone rally not 
possible to interpret a variation of radiance in 
the thermal infrared bands in terms either of 
a temperature variation or of an emissivity 
variation* Furthermore, it may happen in 
natural media, that some interestin effects 
may be more or less hidden because they in* 
crease the emissivity while they decrease the 
surface ternperature, reducing the variation 
of the radiance, This is the case for soil moist- 
ure, for instance* 

Consequently, emissivities are very interest- 
ing to know, not only because they are an essen- 
tial factor to obtain accurate measurements of 

surface temperature by radiometry (remember 

£ 

that at 1 0 wm a relative error ~ of If* may 
lead to an error AT » 0,6°C at a surface tem- 
perature of 300°K) f but also because they may 
be ve;y- useful indicators of specific properties 


of the surface itself* 

Unfortunately, these emissivities and surface 
temperature are defined for homogeneous 
surfaces, Thus, they cannot be Used to express 
the radiance observed from generally much 
larger than characteristic areas of homoge- 
neous components, at least in European coun- 
tries* It will therefore be necessary to Intro- 
duce now parameters, namely the effective 
emissivity and temperature, in order to de- 
scribe these heterogeneous surfaces as if they 
were homogeneous. 

The two main problems which have to be sol- 
ved for interpreting quantitatively remote 
sensing data in the thermal Infrared bands 
arc them 

i) to define unambiguously the effective para- 
meters, i,e. to relate them to the well 
defined corresponding parameters for 
homogeneous surfaces, 

II) to measure directly these effective para- 
meters, for both homogeneous and hetero- 
geneous surfaces with a remote sensing 
method* 

Radlometry for Heterogeneous Media 

Sfafemenf of f/?e prot/em 

In natural media, the observed surfaces are 
seldon homogeneous because they are formed 


m 


: '.T Tr 


f- l 


with many different sub-elements, each having 
its own characteristic parameters. 

This situation occurs very frequently when 
the Barth is observed from satellites in the 
direction 9, •£. It resuits that 


*,(0,0)170.0)1^ (Tj) 

P 1 


( 1 ) 


where R^ (T^) la the radiance of a black body 
at temperature Tj given by the Planck's for* 
niula, and Pj (8#$) is the partition function Of 
the pixel given by 


,l - " ll(0 


as 


( 2 ) 


with the const raint 

£ Pi(O,0) * 1 (3) 

m 1 

Generally, the emissivities 6*^ will not de* 
pend on the angle* and the angular distribution 
will be given by the partition functions P^(0, j>) 
of the pixel. 

For a pixel formed with flat surfaces, without 
any shadowing effect, the partition function 
does not depend on the angles $ and On the 
same tine, the omittance of the surface d£ 
given by 


RuOtfteosQdn 

o hemisphere 


can be written simply 


X _ 


(•») 


E = oi; eiPiTf 

1*1 1 ' 1 


(5) 


with 


/ ilXR'Vl’:)/ / <M0,0)Pj(0,0)eos0dfi 

_ o 0 1 ncmbpherc fs 

(J | CS. ~ ,. <a» g . - a rc, .- mm « . i ). i i mf p i mnm,* rwwnr .. { Q } 


[/ dXR;\T|)|[;/ Pi(O.0)cosOdn 

o a 1 hemisphere 1 


and 


Pj- ^ /jT,(O.0)cosOdn 


(7) 


If the partition functions do not depend or the 
angles 0, then t’j is the regular averaged 
emlssivlty of the element 1 while * P^. 

The problem to be solved can be stated now in 
the following terms! Is It possible to write 
both expressions (1) and (5) simultaneously as: 


R X (0,0)«7 x (0,0)Rx(t) and E* 7 at* 


( 8 ) 


with 


r dXR“(T)// ■ \(0,4>)m0m 

„ o u hcnil.'phtrc * 

38 t^sBwaKBSaw* »»' ‘ 

oT 


(9) 


where £ x and T will be respectively the effec- 
tive emissivitry and temperature. 

Effective parameters 

The various temperature T* over a pixel are 

not vvry different from each other and thus 

from the effective temperature T (generally 
Tt*T 

is less than 10 fa), It is therefore possible 
to express, with a good approximation, the 

a ^ 

Planck function R x (T,) and T, near the maxi- 
mum of emission as: 


R^tTj) a R X (T)[ I +siTirXt 


and 

I- a in 1+4 

T 

It is then easy to show (ref, 4, 5) that formulae 
(1) and (S) can he rewritten unambiguously as: 


\\(0 l+Sh x (0 M 


a nd 


E*eoT 4 [l+5h] 


( 10 ) 


with ORIGINAL PAGE IS 

n OF POOR QUALITY 

*\I0«0) * ^ Rj(0.0)6jx(0 >d) 


and 


T - i PjT 


i*l 


ri 


(ii) 
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where the heterogeneity factors and K are 
given by 


hm< 


f'(T r f)P 1 (« |r 7 x ) 


e \ T * 


( 12 ) 


these effective parameters must be measur- 
able at any scale. Lot us discuss this question 
in the following section. 


and 


A Method to Measure Effective Emlsejvltiee 


I (T r T)Pj(e,-e) 

Ti s — — gg — -*»- — ( 13 ) 

eT 

The effective emissivity and temperature are 
defined by equations (12) and (13)* These defi- 
nitions are significant if equations (8) and (9) 
are valid with an accuracy of at iejst 1 % in 
order to define the radiometric temperature 
with an accuracy of 0, 5°C> This means that 
the heterogeneity factors must satisfy the in- 
equalities < 0, 002 and h < 0* 002 (14). 

The typical example of Table 111.5,1 shows thatthese 
inequalities are generally fulfilled. 


Parameters 

£ 

o 

O 

p i 

Water 

0. 983 

17 

0.3 

Bare soil 

0.8 

35 

0.2 

Grass land 

0 , 97 

20 

0. 5 

Effective 
Pa ramete rs 

0. 94 

22. 1 

1 

Heterogeneity 

factors 

ir 

: 0. 0017 



TABLE 111,5.1, Typical values of the characteristic parameters of 
sub-elements constituting a pixel. The heterogeneity factor fulfills 
(16) and It Is easy to check that the eminence, for Instance, Is ac* 
curate to better than 3%, 

♦ • t 

As a conclusion, if the heterogeneity factors 
h and h^ satisfy (16), which is generally true, 
it is possible to introduce effective parameters 
which are characteristic of the equivalent ho- 
mogeneous pixel. These parameters have many 
interesting properties which have been discus- 
sed in reference 4 and will not be reproduced 
here. However, in order to be operational, 


Principle of the method 

If a surface is not too heterogeneous, i, e, if 
the condition (16) is fulfilled, the spectral 
radiance R^(0, ^) may be most generally writ- 
ten as i 

R^.0)«^(O.0)R®lT) + 

+ //,, ^ bX (O.0;O'0)H x (O',0';Te)cosd'dn‘ (15) 

where the first term of the right hand side of 
expression (17) is the emitted radiance dis- 
cussed before and the second term is the re- 
flected radiance due to th* irradiation by thu 
surroundings (the sun, the atmosphere, near 
surroundings such as trees, etc, ) which is 
supposed to have an equivalent radiance 

The paramete r p^ (0^, 9 ") is the effective 

spectral bidirectional reflectivity. In station- 
ary conditions and for media which do not 
transmit radiative energy (as for natural 
media) it can easily be shown with the argu- 
ments given before that: 

u ^4t0mcQ$0'<Xl' 

hemisphere 

(16) 

The measurement of 6^ appears to be a very 
hard task even if R^(9 , j>), T and H^(0 <{>' T^) 

are known. In fact it is not possible to extract 
simply 6^ from (17) because (9^, 9 ^ ") is 
not simply expressed in terms of , unless 
some severe approximations are done: 

1) Either (9^ r 9 '<{>') does not depend on the 
angles (which is generally not true as will 
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be seen below). 

li) Or the equivalent radiance of the surround* 
ings is isotropic (which is no longer true 
mainly for clear sky). 

With these approximations and using (18), ex- 
pression (17) can be rewritten as 


(17). The best way is to add an external pulsed 
source. If this source, chopped at a frequency 
irradiates the surface in the direction 
(8^, ^j) and is seen from this surface within 
the solid angle dflj, the radiance dR^(8, £) of 
the irradiated surface will become: 


«^(0,d) 


R >, (0.b) - b\(T e ) 

Rjpn - w 


(17) 


where B^T,) * t>ph . T,). 

COS 0'dfl'. 


In case i) 6^ and K\ do not depend on the 
angles (8* 4>)» while in case ii) B^(T^) * H^(T^). 

Besides the fact that the previous approxima- 
tions have to be checked, expression (19) 
shows that three types of measurement have 
to be done in order to obtain with passive ra- 

k* 

diometry : 

N 

i) A measure of R^(0, f), the radiance of the 
medium, 

ii) A measure of T in order to get R^(T), 
which is very difficult in natural media and 
implies sometimes to modify the surround- 
ing effects, 

ill) A measure of .(T ), the average ove r the 
upward hemisphe re of the radiance of the 
surroundings. 

The various existing methods for measuring 
emissivities of natural media are based on 
equation (19). Although they may be fast, they 
cannot avoid a direct measurement of the ef- 
fective surface temperature nor the evalua- 
tion of the radiation of the surroundings, Which 
may be very important in the thermal infrared 
bands and may change d rastically during a day 
or during the measurement itself. 

In order to overcome all these difficulties and 
to avoid any non-radiometric measurements, 
it is necessary to modify somehow expression 


dR x (0.^wt)-RjJ(0.b) + 

+ P \)\{0ft> # {0 1) R\e(0 ib|’.«Ocos 0 plO j (2 0 ) 

where R^ e (®i»^j»Wt) is the pulsed radiance of 
the source. 

If the electric signal recorded by the radio- 
meter is filtered so that unwanted frequencies 

are blocked, the detection system will be sen- 
N 

sitive to R ^ . Therefore the recorded radiance 
may bo written.* 

dR\(0 - Tb\(0 >0 ^|)Rx e (0ibi)cos0 Jtlfl, (21 ) 

here R. is proportional to the radiance of the 
external source, 

From this equation the effective emissivity is 
given by 


<K3,b)* 1 - 


fl 


hemisphere 


d R x(0.^)_ 


(22) 


Advantages and disadvantages 

Comparing (19) and (22), it becomes evident 
that this active method eliminates the effects 
of the surroundings and the measurement of 
the effective surface temperature T. However, 
these advantages are partially offset by: 

i) A more complex calibration procedure, 

R x , has to be known; 

Ae 

ii) The necessity to measure dR^(9<j>) over all 
the upward hemisphere in order to obtain 

from (22). We shall see below how to 
reduce this constraint, 


However, if the surface la assumed to reflect 
Isotropically expression (22) becomes for an 
irradiation In the direction of the nadir: 


^ - I - ir ^ 
e x m 


(23) 


which leads to one measurement (dR^) instead 
of three. 


A block diagram of the system it given in Fig. 
111,5,20. The infrared gonlometeif and associated 
electronics have been built by the Groups de 
Tdldddtection de Strasbourg Under a CNES 
contract. The noise equivalent temperature, 
NET * 0.01°C. 

Preliminary results demonstrated the great 
stability of the system* 


Furthermore* the necessity of measuring the 
angular distribution of the reflected radiance 
is not a disadvantage since it gives a complete 
overview of the angular behaviour of the emi»> 
sivity and adds interesting information on the 
structure of the surface* Finally, another ap- 
pears If one estimates the possible precision 
given by this method* Since the relative accu- 
racy of the emis sivity is related to the relative 
accuracy of the reflectivity by 

Ae m±Z&» £JL (24) 

e it p 

the relative accuracy of £ may be larger by 
a factor 3 (for t s 0* 75) to 50 (for £ * 0* 98) 
than the relative accuracy of the reflectivity* 

As a consequence* a relative accuracy of 
some °/oo is easily attainable even using rough 
instrumentation, 

A simple realization of the required 
Instrumentation 

A preliminary version of the measuring sys- 
tem has been designed to fulfill the following 
requirements: 

i) It must allow measurements in the field} 

ii) It must possess all the angular degrees 

of freedom for both the source and the de- 
tector with an angular resolution not less 
than 1 -2°; 

iii) It must give effective emis sivities in the 
spectral domain of the 8 -Him window; 

iv) It must be as cheap as possible, 
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The accuracy of the method w as checked through 
direct measurement of pure water emisslvity, 
using an aluminium plate as a reference. After- 
wards one measured the emis sivity Cf a very 
heterogeneous medium: a sample of grass 
(95% cover and 3 cm height). The various re- 
sults obtained confirmed the goodness of the 
active method proposed which gives an accuracy 
of a few °/°° even fo r large emis sivities. 

Implications and Parspactiva s for Rsmota 
Sensing Applications 

In principle, the method proposed can be ex- 
tended to aircraft or spacecraft or aircraft 
remote sensing, since it is a pure radiometric 
method which leads directly to effective para- 
meters* the only relevant ones at this altitude. 

In order to verify experimentally this capabi- 
lity, a programme is in progress at Stras- 
bourg involving various controlled heteroge- 
neous media with well defined heterogeneity 
factors. The spectral analysis of these effec- 
tive emis sivities can be done as well since we 
have a large spectral band source. 

Furthermore, this method allows a good sepa- 
ration of the effects of the surface temperature 
and emis sivity. Therefore* it could be possible 
including correlations with a passive method, 
to obtain both the effective emis sivity and sur- 
face temperature, knowing the averaged irra- 
diation due to the surroundings. 
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However, tho extrapolation to aircraft and 
spacecraft remote sensing is not a simple 
task. There are several problems and we 
shall discuss two of them which are very Im- 
portant. 

The first problem deals with the physics of 
tho measure itself. The proposed method re- 
quires in principle an integration of the re- 
flected radiance over t&e complete upward 
hemisphere and this is not possible because 
only backseattering can be measured as in 
radar techniques. It will be necessary there- 
fore to relate this backscatteHng to the emis- 
sivity, A programme is In progress at Stras- 
bourg to solve this problem. The second pro- 
blem deals With the instrumentation capabili- 
ties. The energy recorded in a given direction 
will be very small as it can be estimated easi- 
ly as follows. For a nadir observation of a sur- 
face of bidirectional reflectivity p^, the ratio 
of the recorded to the emitted power can be 
written,* 

(31) 

whei'e d g and are respectively the entrance 

window area and the IF OV solid angle of the 

detector, x is the altitude and Q an efficiency 

factor. Values of the ratio P /P for typical 

r $ 

values of the parameters entering formula 
(31) are given in Table III, 5, 2: 

TABLE llt.5,2. Some values of the ratio Pj/P^ for aircraft (A) and 
spacecraft (S) remote sensing (for G*1). 


Pa rameter 

pb 

< 

d (O 

A 

S 

V p d 

A S 

Dry sand 

0.048 

o.s 

5 .10’ 4 

4,000 

800,000 

1.2 3 

-12 .18 
10 10 

Water 

0.006 

0. 3 

5 • 10 ' 4 

4,000 

800, 000 

HTTl J7T 
-IJ -19 
10 10 

Graes 

0.003 

0.8 

i 

3. .lO' 4 

4,000 

800,000 

•- ♦ 

O ►-* 

o «--- 

-*>*■ 


The threshold of detectivity will not be reached 
if the source power is not large enough. It will 


therefore be necessary to have a powerful well 
focused source such as a CO^ laser, We are 
therefore building a new goniometer with such 
a laser to have a better understanding of the 
possible spatial extension. Although It is too 
early to give a definitive statement concerning 
its possible extension to aircraft or spacecraft 
remote sensing, the method which we proposed 
and used is already in its simple form a power- 
ful and accurate tool for measuring spectral 
effective emlssivities in situ and at low alti- 
tudes. 
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A. Digitizing of Grey Levels on Auxiliary 
Maps 

H. Gogsmnnn 

OoographischtfS InsMui I qer Uniytjtgiiai 
Freiburg, Deutschland 

P Haberhficker 

DFVtn Inslilui lUf Nachnchtentechnik 
Oborpiaflonholon Deutschland 

introduction 

The preparation of auxiliary (maps) data to be 
superimposed to the HC MM data has been ob- 
tained by mic rodensitometric scanning of 
2 

6 x 6 cm slides . 

Digitizing of the maps 'grey levels has pre- 
sented considerable difficulties, ft proved to 
be impossible to carry out the digitalization 
of a grey tone scale with more than two levels 
in one step. Furthermore, because of vignet- 
ting effect*;, the binary black and white prints 
also show a strong distortion of the image 
contents. Using the relief map as an example, 
the solution of this problem is described below. 

Separation of Grey levels for a Relief Map 

When it became apparent that the separation 
of the grey values for the digitalization of the 
five elevations on the relief map would not be 
possible, using the available apparatus, the 
elevations were removed one by one from the 


original map according to the strip mask pro- 
cedure. They aro thus represented on the film 
by black patches, These five photos, to which 
scanning markers were added, as well as a 
sixth transparency, which contains only scan- 
ning markers, are designated 1^, 1^, f^, 1^, 

I_ and T corresponding to the following legend: 

I ^ 0 - 200 m 

I 2 200 - 400 m 

J l 400 - 700 m 

I' 700 - 1000 m 

4 

I. > 1000 m 

D 

T scanning markers only, 

In the digitalization the most exact coordination 
of the five images that was possible, was achie- 
ved by careful adjustment of each image on the 
scanning frame, using a magnifying glass and 
the pass markers. The numerical fields (ma- 
trices) thus produced are called I * , 1^ , 1^ , 
l£ 9 1^ , and T* * The superposition of any two 
of the I, in the interactive colour monitor 

i 

(C OMTAL) of the DIB IAS -system showed that 
because of smaller fitting errors and a little 
play in the scanning frame of the digitizer, the 
digitized elevations levels did not completely 
fit together. The overlaps and gaps which thus 
arose have been made visible by colour repre- 
sentation and could be corrected by shifting 
individual images by one to two pixels. The 
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necessary shUts correspond to errors In the 
scanned images of l/20 mm and 1/10 mm, 
respectively. 

In this way the five digital elevation-images 
could bo joined together to form a map, pro- 
vided each were already binary# But this is 
not the case, since even in the scanning of a 
black and white print far more than just two 
grey tones will appear in the digitalized image# 
This is caused by? 

- vignetting effects (shadowing on the edges) 
during the photographic production of the 
respective copy 

- vignetting effects from the digitizing device, 

- eclipse- or illumination -effects at the bor- 
ders of b right and dark. 

Because of vignetting, a white background be- 
comes darker towards the edges of the image, 
but the black elevation representations are 
also subject to this distortion (Fig. Ill* 3. 21 a). The 
threshold, which must be established to pro- 
duce a binary scene, would therefore be posi- 
tion-dependent, As a corrective measure the 
digital image T 'of the completely white trans - 
parency T has been used , Since it was pro- 
duced under the same conditions as the images 
Ip . . , , I j, T ' contains the same vignetting - 
effects (Fig. Ill *5, 21 c). 

By subtracting the grey values of the image T v 
from those of l/, one obtains images l/' which 
are free of vignettes. The equation as I.'" » 
i; 4 1 80 - T ' (MM -Module of the DIBIAS-Sys - 
tem). Accordingly, the cross section of the 
image I* which appears in Fig* 111,5. 21b obtains 
after co rrection the shape shown in Fig . 111,5,21 d. 

Even after correction of vignetting there re- 
mains at the dark- bright edges a gradual 
transition from white to black (Flg,ni*5.21d). There- 
fore, for the construction of the binary image 
in each case a threshold value must be esta« 


blished which ascribes the grey values in the 
transition zone to either black or white. If this 
value becomes too largo, then fine white a true 
turas disappear in the black environment, The 
opposite occurs if the threshold value is too 
small* This threshold value (grey value 144) 
Was ascertained interactively on the monitor 
screen. Finally, every elevation was charac- 
terized by a definite grey value according to 
the statement 

K' * 8 i ifI f < 144 

otherwise 


with the following values for 


Image 

i r 

r 

i:" 


i 


4 

It" 


Ele 

w ation 


Characterizing 




Grey Value g. 

0 

o 

o 

rj 

* 

m 

230 

200 

- 400 

m 

180 

400 

- 700 

m 

130 

700 

- 1000 

m 

80 

; 

► 1000 

m 

30 


Following this preparation, the five individual 
images have been merged by the ME -module 
into a five -channel image and then assembled 
by the MM-module according to the following 
fo rmula for forming a relief map with the five 
elevations in one channel* 

R = (K1 NE 0) * (K2 EQ 0) it (K3 EQ 0) it 

(K4 EQ 0) it (K5 EQ 0) it K1 4 (K1 EQ 0) * 
(K2 NE 0) it (K3 EQ 0) it (K4 EQ 0) it 
(K5 EQ 0) it K2 4 (K1 EQ 0) * (K2 EQ 0) it 
(K3 NE 0) * (K4 EQ 0) * (K5 EQ 0) * K3 4 

(K1 EQ 0) ± (K2 EQ 0) * (K3 EQ 0) it 

(K4 NE 0) * (K5 EQ 0) > K4 4 (K1 EQ 0) * 

(K2 EQ 0 ) it (K3 EQ 0) it (R4 EQ 0) it 

(K5 NE 0) & K5. 

The relief maps which are produced in this 
way still show gaps (grey value - 0) at the 
borders between adjoining elevations . 

These arise during the removal of the eleva- 


I 



► *g III 5 21 Sketches representing the suppression of v^nmtmg m dtyitefi/td mapt poor to the production of a binary scene 

el Bifiuu of position itependent illumination of the image during the photogr ephic production of the imigt copy end during 
tenoning unde si red light intensity oscillations bi room# evident m the images I 

bl Profile of section AH from F ig III 5 21 e m the caw of e typical edge «h«dowmg 

c) A wet on m j completely white image l‘ vignetting imugr" T) corresponding as the profile of MCtun AH .n F .g ill 5 21 4 

dl Result of correct on by meant of the equation I ** • I ' ♦ 180 T* ISubf' m ion of the vignetting im^ie from the ret pec five 
scene end thiff of the vetoes into t region of medium grey tonetl 
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tie m { tom tho original map, because with the 
atrip mask procedure the contour lines them* 
solves are not reproduced, i*e., the lines are 
attributed to neither of the adjoining elevations* 
The gaps we ro divided equally between adjoin- 
ing elevations by means of a special extension 
operator of the DIBIAS-system (BS-module)* 


B. Geometric Rectification of HCMM 
Images and Auxiliary Maps 
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Methodology Adopted 
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Correction of Magnetlng Effects In Map of 
Built-up Areas 

The maps representing the distribution of 
forests i built-up areas and rivers wore digi- 
tised similarly* Special mention must be made 
of the type of vignotting-effect in the distribu- 
tion ma£ of built-up areas and the correspond- 
ing correction procedure. Here the vignetting 
consisted in a darkening tendency which ran 
diagonally in. a swath across the image increa- 
sing gradually from lower left to upper right* 
The decrement of the grey value of white sur- 
faces of 25 points from the lower left to the 
upper right corner has been ascertained by 
means of nnc rode n s item et vie sections paral- 
lel to the diagonal. By addition of a correction 
term the grey values have been standardised 
in the following equation, thus! 

GR = GR tJ + (ZE - SP) . 25/ZZ 
new old ■ 

GR * grey value, ZE « line number, 

SP s column number, ZZ « number of 
1 1 ne s i n the im a g a . 


The geometric rectifications in this investi- 
gation have been carried out by the interpo- 
lation method* This method assumes that be- 
tween a distorted scene V and a reference 
image R there exists a functional dependence 

R m F ( V) 

and that a rectified scone E can be produced 
by the operation F on V, thus 


E a F(V) , 


The parameters for F are derived from R 
and V by the control point method, i, c, , cor- 
responding control points are sought in the 
reference image R and the distorted scene V 
and their respective coordinates are deter- 
mined in both coordinate systems* This align- 
ment results in a transformation equation, by 
which all points of the distorted scene can be 
related to the reference image* 


The following symbols wilt be used in the 
equation below: 



distorted scene 

position-coordinates of 
the distorted scene 


S v (v) 


R 


S. s ^l‘X 2 ) 


x a 


T 


grey -value of tlve picture 
element having these 
coordinates 

refe lence image 

position coordinates of 

the reference image 

rectified scene 

position coordinates of the 
rectified scene 
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g E (x) gray value of the pixel 

having those coordinates. 

The following relationship between the coordi- 
nates of the distorted and rectified scenes has 
boon assumed: 


C, Registration of Night Thermal Data 
over Day Thermal and Visible Data 

j M*gi«r 

laboratory tor imago Procuring 
Commission of mo Eurwun Communities 
Joint notmaren Centro, ispra Estabiishmoni 
lspra, llftly 


v * il^h or 

v i * W’V 

v 2 * v-v-v 

If V is generated from E by means o fa projec- 
tion, then the transformations in and x-, 
are linear (Ut-order polynomial): 


"l ■ A 1 x l * A J *2 + A 3 

v 3 " “l *i + », 

V . « Q X Hh d 


with C * 



and d s (A^» B^) 


T 


For the rectification of satellite scenes a 2 nd- 
order polynomial is often used instead of the 
linear equation: 

Z 

V| * Aj x^ * A g Xg * + A^ X| * A ff X| x*, 

A 6 X 2 


= 13 , X, + 13 . x, 

1 1 w w 

®6 s l ' 



Introduction 

The MSS data acquired during the JFE aircraft 
flights of Grondon, UK and Pattansen, Ger* 
many, worn utilised for a detailed application 
of the TELE-US vnodoL which uses the day and 
night temperatures and T at the same geo- 
graphical point. Geometrical corrections on 
the night thermal data are needed to achieve 
superposition with the day vislble-and-thermal 
data. 

Day thermal and visible data are automatically 
registered for they were acquired during the 
same flight through the same instrument optics 
and with the same resolution. Night thermal 
data acquired during a previous flight, have the 
same resolution but they must be superposed 
by software to day data. 


Method Used 


In orde r to calculate the unknown A^ and 13^ 
the control points are used. The number of 
cont rol points p must the reby bo equal to the 
number k of unknown parameters which have 
to be calculated per transformation, With 
more control points available (p S k), the 
error which appears in the polynomial appro- 
ximation of the function can be minimised by 
means of a least squares method. 

By the rectification an appropriate coordinate 
pair (v. , v,) from the distorted scene is con- 
nected with the coordinates (Xj,x v ) in the rec* 
titled scene in accordance with the above 
equations. The grey value of this pixel is cal- 
culated from the distorted scene. 


The problem is to map the grid of night data 
on the grid of day data, This is obtained by 
using bivariate polynomials as mapping func- 
tions. A pixel with coordinates (x, y), given 
by the line and column position in the day data, 
is thus the transformed element from a pixel 
with coordinates (u, v) in the night data such that: 

h = u(x, y) = t £ a pq *V 

pap qat) ‘ * 

i \ J-. p q 

V • v(x, y) * 22 b , )q x >’ 

psb q=0 pq 

where u and v are calculated from x and y> 


In the present case second order polynomials 
were chosen. The method uses ground control 
points which are common to day and night data 


to determine the a and b coofficiontu by least 
square fitting, Tho fitting of the ground control 
points is performed in the untransformed grid 
(night data), rather than in the transformed 
grid (day data), as would seem more natural* 
The latter solution would indeed require to ex- 
press the (x,y) coordinates as a function of the 
(u, v) 1, e* to reverse the preceding expressions, 
The calculated (u, v) coordinates will not be 
generally integer and the nearest neighbour rule 
is applied to determine the pixel radiometric 
value. This simple procedure has been prefer- 
red in the present case to interpolation or con* 
volution methods, in consideration of the aver* 
age accuracy of the registration which in any 
case cannot guarantee less than two pixels. 

Referring to the Grendon flight, as the complete 
strip of data is rather long (more than 4000 
lines of 072 pixels), the registration is made 
for successive blocks of 672 x 300 points with 
50 fa overlapping; IE to 20 control points by 
block determine the respective pair of trans- 


formation polynomials* Discontinuities between 
blocks are avoided by combining with variable 
weights the coefficients of the polynomials re* 
for ring to two successive blocks. As the line 
of data processed moves from the centre of the 
first block to the centre of the second block, 
the weights relative to the first pair of poly- 
nomials are changed line by line from 1 to 0, 
the reverse being done for the second pair, 

The process is then repeated with the second 
and third blocks and so on. 

Results Obtained 

They are displayed in Figs, 1 and 2 of Part 1, 
Chapter s, p, 2, l\ . The average registration 
error between ground control points was found 
to be E, 3 pixels with minimum 0 and maximum 
7 pixels* The average registration error on 
the other points is not known but is very likely 
to have a similar value in this case of low 
order transformation polynomials. 
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Conclusions 
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The TELLUS project Is terminated as NASA/HCM-025 Investigation, It Is 
possible to draw-up, In a sort of wise man's retrospective criticism, a number 
of considerations about the approach adopted for the single Investigation 
sections and of conclusions on the results obtained. Some thoughts can also 
be added with regard to the usefulness of day and/or night Infrared remote 
sensors placed on board dedicated space missions such as HCMM. 

Evapotranspiration and Soil Moisture 

Evapotransplratlon (ET) and soil moisture was the Item of major Interest In 
TELLUS. The greatest part of Coinvestigators participated in this effort, A 
systematic approach was adopted for the development and testing of 
algorithms using remotely sensed radiative temperarure and albedo. It was 
confirmed to have been necessary because It provided the Investigation with a 
deep understanding of the processes Involved at the various investigation 
stages and It was the major premise for the blooming of so many models by the 
Institutes. All this should have also made it easier to develop some simple 
statical empirical correlations for the various application cases. This purpose 
was only partially fulfilled. As a matter of fact this last phase could be 
considered referring more appropriately to the post-HCM-025 "continuing 
Investigation phase" formerly announced In the TELLUS proposal, Evapo- 
transpiration and soli moisture nupplng was obtained as a result of the 
methodical Joint Flight Experiment applications on patches of homogeneous 
nature with regard to crops and sol :s. Moisture content in the upper soil layer 
was obtained from the thermal inertia with a tendency to underestimation. 
Nevertheless for the Inhomogeneous soils and the rather dispersed and 
commixed crops situation such as we have In Western Europe, the relatively 
poor spatial resolution of HCMM lead to oonclude that estimating soil moisture 
on a large scale does remain for the time being a difficult proposition. 

For evaluation of the daily evapotranspiration the night thermal measurement 
seems to be of little contribution. On the other hand having one daily thermal 
measurement only shows not to be suffclent for middle Europe, The influence 
of meteorological variation (surface winds, clouds, cold fronts, etc.) would 
necessitate 2-3 or more temperature measurements per day. The more 
favourable meteorological conditions of the Mediterranean area should make 
future thermal satellites more suitable for evapotranspiration and soli moisture 
application in the Southern European countries. As a matter of fact a part of 
the TELLUS research effort was specifically devoted to testing the evapotrans- 
piration algorithms in semi-arid conditions. This was made also in view of some 
possible extrapolations to the African continent as Commission initiatives in 
favour of the Developing Countries Associated to the European Community, 

From the results obtained In the HCM-025 Investigation it appears that the use 
of crop surface temperatures does not give better local estimate of evapo- 
transpiration than other conventional methods. Or, a regional scale, HCMM (or 
similar) satellite day-time surface temperature could be usefully applied to 
estimates of evapotranspiration. This scale ranges from 1 km 1 to nearly 10*- 
10 4 km 1 , which is the width of the synoptical meteorological network In large 
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parts ot Europe. Thq corresponding time scale would go from one to about 10 
days, according to potential users, who could be found In agronomy (for 
predicting crop yields and scheduling Irrigation) in hydrology (for establishing a 
regional water balance) and in regional climatology where the latent heat of 
evaporation is an Important factor for the repartition of energy at the surface. 
These evapotranspiration estimates necessitate the elimination of 
atmospheric effects. Furthermore, if ET models developed for ground 
measured surfaee tomperatures are to be employed, satellite measured 
surface temperatures have to be firmly correlated with these ground 
measured data. The critical point is a correct evaluation of the ‘'roughness" 
parameter which has to be defined for each zone. An alternative solution could 
be seen in establishing some simplified relations directly between ET and 
satellite measured surface temperature. Encouraging results were obtained. 
Further experiments covering wide ranges of natural surfaces would be 
necessary to establish whether a unique set of empirical constants could be 
used in practice. On the other hand, HCMM day-time thermal images should 
permit to Identify water stressed areas and to delimitate zones of ET by inter- 
polating between the net ol ground measuring stations. 

Topography, Soils, Land-Use and Meteorology 

The HCMM geometric resolution fits the mesoseale surface temperature 
distribution much better as far as its correlation with topography, soils, land- 
use and meteorology is concerned. Availabilily of day, night and day/night 
difference spatial temperature distribution was an incontestable privilege the 
HCM-025 investigators enjoyed. No other satellite has provided so far such a 
rich and diversified amount of thermal data. This was the general conclusion 
drawn by the Coinvestigators ol the second section otTELLUS, 

It followed also in this case a systematic approach was beneficial. The three- 
lines methodology adopted was based on the optical examination of 1) 
analogically superposed HCMM transparencies to thematic maps and 
LANDSAT scenes, 2) analogically superposed HCMM computer classifications 
to thematic maps and LANDSAT scenes, and 3) digital superposed HCMM 
thermal distributions to corresponding thematic and LANDSAT digital 
information in a high precision multichannel scene. 

Merits and limitations of each different line can be put In evidence easily. 

The first method fits well for deduction of physiographic lineaments of large 
basins only. Its interest resides in the attempt made to establish a logical link 
between geomorphological, vegetational (and anthropic) aspects of the 
surface and the buried aspects deduced This work deserves some mote 
application for its validation. An important point comes out of the confirmation 
of the different role ot day-IR in respect to night-IR : the first appears to give a 
significant contribution for the characterization of lithological and hydrological 
structure, whereas the second shows to be of very significant contribution for 
highly surface saturated zones characterization and shows to be less 
important for a structural recomposition (relief, morphology). 

The second and third method are suited for a more detailed utilization of 
HCMM data, No geometric /geographical correction was introduced. 
Utilization of LANDSAT imagery proved to be quite useful for locating pixels 
zone by zone. 

The third method (purely digital superposition of geometric rectified data) 
looks very promising. The precision obtained Is nearly one pixel error. Relief, 
waterways, forests, population and land-use can be compared with 
temperature as digital information. From (he interpretation of thermal 
conditions of the various parts of the lanscape made on such high-precision 
merged multichannel scene it resulted that HCMM harboured a surprising 
abundance ol information easy to correlate and/or to be explained through 
topography, soil multiclass land-use structure at mesoseale. One advantage is 
that HCMM thermal information can also be numerically correlated with some 
population and land-use classes by multiple linear regression (or statistical 
evaluations. Using deviations from regression, modification of surface 
temperature with changing land-use (t,e cold air reservoirs, cold air streams 
build) can be detected From aU this one becomes convinced of the 
importance of having set up a methodology able to evolve numerically a 
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description of the thermal Impact of various parameters on a regional scale 
and In representing various Information spatially on computers. Also In this 
case the path Is pointed out and It appears to be proper to a continuing 
Investigation phase : the Introduction of surface temperature as a parameter In 
heat budget dellbratlons. 

As thermal mapper of day* or night-temperature, HCMM confirms to be more 
comprehensive than aircraft for studies on a regional scale (better evidence of 
thermal patterns not observed by Irrllevant topographic details, more evidence 
of dependence of surface temperature on reliefs, contemporary observation of 
long distance points, etc.), 

Calculation of thermal Inertia (ATI) pertaining to major land-use classes 
indicated that major categories can be separated (even forest species 
appeared to be discriminated). Perhaps this discrimination work would have 
been more extended over the European test-sites if ATI / AT HCMM maps had 
reached TELUJS Coinvestigators In a due time from NASA. The Importance of 
the role of ATI and the day/nlght dally temperature difference, AT, was so 
confirmed, From all above points, It should be emphasized that the joint 
utilization of LANDSAT and HCMM data with the support of thematic maps 
Information demonstrated to be a key-point for the best Interpretation of 
HCMM VIS/tR scenes. 

The extension of these correlation studies to airborne applications gave some 
Interesting results. The usefulness of airborne remotely sensed data for the 
localization of frost prone areas and the monitoring of low altitude breezes was 
demonstrated. In the first case digital processed thermal Imagery appeared to 
be a very useful tool to delimit vineyard sites liable to cold air damage (until the 
surface dimension of one terrace). This result could help the wine growing 
legislation in the European Commlnlty which requires a strict delimitation of 
the area provided for the growing of quality grapes. The precision of this 
Investigative method surpasses by far aii other conventional techniques for 
the mapping of frost hallows. 

Anthropogenic Heat Release 

The result obtained In third investigation sector confirms the good HCMM 
satellites' pertinency to the evaluation of anthropogenic heat release on a 
regional scale, Day- and subsequent night-descriptions of surface temperature 
distribution appeared to be essential to assessments of thermal daily 
variability of heat sources on the scene. Spatial and radiometric HCMM's 
resolution showed to suffice to a good extent, 

Application to urban heat-islands to local scale, Involving geometric recti- 
fication and smoothing of pixel edges gave some results exceeding any ex- 
pectation. Hotter sub-islands and industrial areas could be recognized. Tem- 
perature differences with surrounding rural areas were evaluated, Also In this 
case, following a suitable satellite data calibration, these data could bo used 
as the necessary Input to heat budget evaluations. 

HCMM demonstrated to be useful also for detection and monitoring of thermal 
pollution of large water dodles, It permitted the evaluation of the difference 
between the temperature at the water discharge point ol electricity generation 
plants and the mean river temperature. In this case some higher resolution 
satellites as Thematic Mapper should be considered more efficient (better 
description of the plume temperature gradient). 

One of the major problems encountered in using HCMM data consisted In 
eliminating the effect of atmosphere on the HCMM temperature readings. 
Some correction methods were Introduced but all show to be critical for 
different reasons (I.e. choice of the reference surface to be homogeneous and 
the temperature of which should be more accurate than 0,5°C). That confirms 
that a future suitable correction method should employ signals from two 
separate IR channels. Calibration of HCMM was the second main concern. 
One may conclude that the offset of 5.5°C Introduced by NASA Into the 
calibration of the HCM radiometer after their first ground check should be 
cancelled. 

The solution of two momentous recurring problems In RS data measurement 
and interpretation was considered in TELLUS, The first difficulty concerns on- 
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Held measurement of thermal IR emlsslvltles. The active mothod based on a 
simple and stable ad hoc Instrumentation which was realized Is being 
improved as continuing Investigation and It Is expected to confirm soon to be a 
useful and accurate tool, 

Having confronted, as mentioned before, the sometimes inadequate HCMM 
resolution In respect to soils inhomogeneity and crops commixture on the 
European scene, TELLUS Interest was to Investigate the informative content 
of large Inhomogeneous pixels by "scaling" from smaller pixels Information. 
Encouraging results were obtained from the simulation methodology adopted, 
which permits the correlation of different resolution data. This technique 
deserves further attention for development. 

As a final consideration we assert that the TELLUS / HCM-025 coordinated 
effort provided the JRC and the European Colnvestlgators with the privilege of 
facing unitedly a great deal of new RS. problems, the HCMM opportunity 
offered them through the National Aeronautics and Space Administration, 
Goddard Space Flight Center, TELLUS was able to give a solution to some of 
them, to the extent of saying "yes" or "no" with some indications on how to 
advance, for others. All this Is a reward in itself to the effort produced. 
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Abbreviations 

JRC 

Joint Research Conttfi. Ispra 



LAT 

Latitude 

AEM 

Application Explorer Mission 

LONG 

Longitude 

AL 

After Launch 

MDPF 

Master Data Processing Facility. 

ATI 

Apparent Thermal Inertia 


GSFC Greenbelt 

cc 

Cloud Coverage 

MSS 

Multi Spectral Scanner 

CCT 

Computer Compatible Tape 

MTP 

Modulation Transfer Function 

CEC 

Commission of the European Com- 

NASA 

National Aeronautics and Space 


munities. Brussels 


Administration 

CMS Lannlon 

MIR 

Night Infrared 


Centre d'Etude de Mdteorologie 

NT 

Negative Transparency 


Spatial, Lannlon 

N 

Night 

COI 

Co-investigator 

NER 

Noise Equivalent Radiance 

DIR 

Day Infrared 

N/D 

Night-Day 

DVIS 

Day Visible 

NDN 

Night-Day-Night 

D 

Day 

PC 

Priority Coverage 

DFT 

Discrete Fourier Transform 

PI 

Principal Investigator 

EC 

European Communities 

PR 

Progress Report 

EARTHNET 

PT 

Preliminary Test 


Section of European Space Research 

PPL 

Priority Processing List 


Institute, Frascati 

PSF 

Point Spread Function 

ESA 

European Space Agency, Paris 

QL 

Quick Look 

ETP 

Evapotrans pi ration 

RO 

Retrospective Order 

GMT 

Greenwich Meridian Time 

SEAL 

Simplified Evaporation Algorithm 

GSFC 

Goddard Space Flight Centre, 

SC 

Spacecraft 


Greenbelt, MD 

SO 

Standing Order 

GDTA 

Groupement pour le Deveioppement 

TD 

Temperature Difference 


de ia Teledetection Aerospatiale, 

TJ 

The rmal Inertia 


T ou louse 

TN 

TELLUS News, JRC Ispra 

GT 

G round T ruth 

TNL 

TELLUS Newsletter, JRC Ispra 

HCMM 

Heat Capacity Mapping Mission 

TS 

Test Site 

HCMR 

Heat Capacity Mapping Radiometer 

TSC 

Test Site Co-ordinator 

HET 

HCMM Experimental Team 

TSG 

Test Site Group 

HOMP 

Hotine Oblique Mercator Projection 

USWCL 

U. S. Water Conservation La bora* 

HD 

High Density 


tory, Phoenix, AZ 

ET 

Evapo ra tion or Evapotrans pi ration 

VIS 

Visible 

IDTF 

Inverse Discrete Fourier Transform 

W D 

Delegation of the European Commu 

iPF 

Image Processing Facility 


nities, Washington 

HOT 

High Density Tape 

WG 

Working Group 

ID 

Identification 



IR 

Infrared 



IFOV 

Instantaneous Field of View 



IGN 

Institut Geographique National, 




Paris 



JFE 

Joint Flight Experiment 
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